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1. OPEI{ING OF TTIE SESSION

The Workshop on the Globat Runoff Data Set and Grid Estimation was
opened at 9:00 a.m. on 10 November 1988 at the Federal  fnst i tute of Hydrology
(Bundesanstalt für Gewässerkunde) in Koblenz, Federal Republic of Germany.
Dr. H.-J. Liebscher, Director of the 9lMO Global Runoff Data Centre (GRDC) was
elected to chair  the meeting.

The purpnse of the meeting was to review the work of the GRDC, in
producing data sets required by the climate research and hydrological
communit ies, and to discuss the possibi l i t ies for the gr idding of hydrological
data for use in validating climate npdel outputs.

The names and addresses of the participants are given in Appendix A.
The agenda, as approved, is given in Appendix B.

2. I{EED FOR GLOBAL WATER RTJNOFF INFORMATION

2.L  Genera l

Knowledge of the water discharge at various points within a river
catchment is the basic information requirement for all kinds of hydrological
invest igat ions and/or appl icat ions. Such appl icat ions would normal ly require
long t ime series of r iver gauge measurements with fair ly high spat ial  and
temporal resolut ions and are, therefore, pr imari ly focussed on specif ic r iver
basins within a geographic region. Cl imate research, on the other hand,
requires runoff information to close the groundwater budget over continental
areas, placing eurphasis on large-scale averages (of the order of the
resolut ion of c l imate models, e.g. 100 x 100 km2 and larger),  mean monthly
values and global coverage. The main cl imatological  appl icat ions of global
r iver discharge information are, together with global precipi tat ion data,
diagnost ic and nodel l ing studies of the global hydrological  cycle, assessment
of exist ing water resources in relat ion to cl imate events, and assessments of
future cl imate trends with respect to global water balance.

2.2 Cl imate Research Reguirements

2.2.L First  GARP Global Experiment (FGGE)

The initial reguirement for the construction of a globaI runoff
observational data set came from the t{MO/ICSU Global Atmospheric Research
Programme's (GARP) F@E, whose primary purpose was to collect a unique set of
global data to study those physical processes in the troposphere and
stratosphere that are essent ial  for a better understanding of the transient
behaviour of the atmosphere as manifested in the large-scale fluctuations
which control changes in the weather. This would lead to increasing the
accuracy of forecasts over periods of one day to several weeks. It was
quickly apparent to the planners of the experiment that the FGGE presented an
unprecedented opportunity to assemble additional information, such as runoff
data, which in conjunction with the atmospheric data could be used to study
those factors that determine the stat ist ical  propert ies of the general
circurat ion of the atmosphere, which in turn would lead to a better
understanding of the physical  basis of c l imate.
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This then led to Lhe formulation of the plan to collect runoff data in
the form of discharges from selected river gauging stations and the boundaries
of the catchment areas for the water years 1978-1980. The planning and actual
collection of data were undertaken by the Hydrology and Water Resources (HWR)
Programme of WMO.

2.2.2 l tor ld Cl imate Research Programme (WCRP)

The World Cl imate Programme (WCP) was formal ly establ ished in 1979.
The research component of the WCP, called the World Climate Research Programme
(VrcRP), was seen to incLude many research act iv i t ies related to the second
objective of GARP. The general goals of the WCRP have been formulated in
terms of three specif ic object ives or streams of c l imate research, each
corresponding to di f ferent kinds of c l imate predictabi l i ty on di f ferent t ime
scal.es, as fol lows:

(i) ä:::i,?liii-", ;:":::i?il"L:l:_:::i:";:.ii::"n::;"?13. o., .,*"
scales of one to two months.

( i i )  Second_Stream: to understand and, eventual ly,  to predict  the
variations in the heat transport by ocean currents and the

::::ff::?*:'J::';:::::""f ,:1""::ä:iH#,3"i:'::"",a1 years .
( i i i )  Ihfrd Stream: to understand the causes of long-term cl imate

trends and to assess the potent ial  response of c l- imate to
natural  or human inf luences, over periods of several  decades.

The development of climate models, in which the elements of the climate system
are coupled together,  is an essent ial  component of al l  three streams of
cl imate research. One of the highest scient i f ic pr ior i t ies of 9f ,CRP is to
improve the parameterization of processes that control the fluxes of momentLrm,
water, energy and gases between the atmosphere and the ocean and land sur-
face. For this,  gIobaI cl imatological  data sets are essent ial  not only for
the development and testing of parameterization schemes but also for the
val idat ion of outputs of c l imate models.

Thus, there is an on-going need to continue the collection and
processing of information on the hydrological cycle, begun during the FGGE.
The recent endorsement by WMO and ICSU of the proposal to undertake the
preparation of a Global Energy and Water Cycle Experiment (GEWEX) as one of
the major projects of the WCRP, beqinning in the 1995-2000 t ime period, is a
further clear indicat ion of the need to cont inue the col lect ion and processing
of runoff data.

2 . 3 Needs of  Cl imate Model lers

P.  Rovrntree of  the U.K.  Meteorological  Of f ice descr ibed the needs of
c l imate modeLlers for  water  runof f  data.  Basical ly ,  runof f  enters in to
c l imate models at  two points:  f i rs t ,  in  the land model  which must  est imate
the amount of runoff for given fluxes between the atmosphere and the land
surface, and second, in the ocean component of the modeL, where the runoff
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enters the ocean and modif ies the water propert ies. These require di f ferent

tlpes of runoff data for validation. In the land context, the need is for

fäcaf gr id scale data derivable from observat ions for smal1 catchments,

althoulh integrated data for larger catchments would also be of value. In the

ocean context, the need is for data on the input to the oceans, both at major

river outlets and from groundwater and smaLl streams, if they are of

comparable size.

A br ief  review of the structure of c l imate models \" tas presented. A

description of the major terms of the land surface water budget was provided.

These included the inputs (precipi tat ion and snow melt) ,  inf i l t rat ion and

surface runoff, petcolation and deep runoff' and evapotranspiration' It was

clear that the räte of runoff in the system is a significant one and it is

important that the runoff processes are adeguately represented in climate

models. I f  the precipi tat ion is real ist icat ly simulated, i t  is possible that

observed aata could bä used to improve the simulations by using the inforna-

tion they provide to adjust the model formulations of runoff on the soil

character ist ics.  f i rst ,  the hydrological  parameter izat ions would be improved

using nrnoff  data for areas where the soi l  character ist ics are relat ively wel l

known. Then, the validations would be employed Lo diagnose soil character-

ist ics in other regions. Given a suff ic ient quant i ty of data, for example a

multi-year runoff series and a limited number of parameters in the hydro-

Iogical system, an appropriate mathematical technique could perhaps be devised

to determine al l  parameters for a region or group of gr id boxes.

Runoff is of considerable significance for the oceans through the

ocean salinity or freshwater budget equation. The importance of runoff to the

ocean would be expected to be a maximum in the proximity of major rivers and

where the ocean iä part icular ly sensit ive to the sal ini ty.  However,  the

sensitivity of the ocean to runoff variations has not been assessed in a

systematic lray, but some conclusions could be drawn from studies conducted in

the past. The runoff from rivers into the Arctic Ocean aPpears to have a

signif icant effect on the ocean circulat ion. In the tropics'  the effects on

the circulat ion may be smal l  or di f f icul t  to detect because of the general ly

more intense currents, the more important roles of precipitation and

evaporation, and the inherently more stable vertical structure'

fol lows:
The needs of climate modellers for runoff data were summarized as

(i) Models could use local runoff data averaged over a gridbox to

val idate and cal ibrate several  aspects of land surface
parameterizations. However, to do this properly requires

äxtensive meteorological and hydrological observations. The

WCRp Hydrological-Atmospheric Pilot Experiments (IIAPD('s) have

been designed to provide these observations. Good quality

runoff data sets for specific regions/groups of grid boxes

would also be useful  for such val idat ion exercises. IdealIy,  a

few regions represent ing di f ferent cl imates, e.g. temperate
(some snow, unfrozen ground),  cont inental  ( f rozen soi l  in

winter),  subtropical  with dry season, tropical  with large

runoff, should be analysed. Areas with minimaL human

interference would be needed.
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(ii) Global runoff data sets (monthly/annual means and measures of
interannual var iabi l i ty) ,  with indicat ions of rel iabi l i ty,  are
needed to provide global validati.on of climate models.

(ii i) Monthly data on runoff into the oceans are needed for
validation of coupled ocean-atmosphere climate models. These
are also l ikely to be required by ocean model lers,  in the
context of the World Ocean Circulation Experiment.

A complete text of  P. Rowntree's presentat ion is included in Appendix C.

2.4 Hvdroloqv Reguirements

Although the requirements for the construction of global runoff data
sets vtere ini t ia l ly based on the needs of the meteorological  and cl imatological
communities, many of those actually involved in the collection and processing
of the data recognized the considerable potential value of the information to
hydrologists.  With t ime, this value had been recognized more widely and
growing interest in the work of the GRDC was shared by both climatologists and
hydrologists.

Hydrologists, in common with others working in the geophysical
sciences, have a substantial need for field data on which hlpotheses could be
developed and tested. The Global Water Runoff Data Project was viewed as
being part icular ly valuable, in this regard, because the data being col lected
came from every region of the world and this would encourage the development
of analytical and modelling techniques that would be applicable more widely
than those based on data from only a single country or region. This applied
to work being done on grid area estimation as well as on techniques for the
assessment of water resources or the forecasting of floods and droughts.

It was recognized that interest among hydrotogists in the work of the
GRDC was also due in large measure to the significant increase in recent years
in large-scale, even globaI,  studies of a hydrological  nature. The occurrence
of widespread droughts and the need for a better understanding of the inter-
dependence of hydrological phenomena over comparatively large distances have
Ied to the undertaking of such studies, which in turn require data on surface
water and other hydrological elements on a continentaL or global scale. The
meeting noted that a proposal was made at Lhe recent eighth session of the WllO
Commission for Hydrology (Geneva, 24 OcLober-4 November 1988) for the quasi-
real-time monitoring of hydrological elements on a global extent, as a basis
for detecting variability and change. The GRDC could play a significant role
in such an act iv i ty.

For the above reasons, the meeting felt that the GRDC should see its
role as serving both the climatological and the hydrological communities.
Great benefit was seen, therefore, in the GRDC establishing contacts with a
broad range of similar institutions, at both national and international
levels,  so as to ensure that maximum use is made of the faci l i t ies and
services it offers and to seek wide support for and recognition of the work
it has r.rndertaken to do.
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3. GLOBAL RIJNOFF DATA CEIIITRE

3.1 Background and Arranqements

The WMO Hydrology and Water Resources Department was entrusted with
the task of organizing the collection and processing of surface water runoff
data for use in the val idat ion of atmospheric general  c irculat ion models
(GCt' Is),  as part  of  the FGGE. In addit ion, var ious other projects within the
World Climate Programme and the WMO Hydrology and Water Resources Programme
need surface water runoff data such as those originally collected for the
FGGE. For this reason, the collection and storage of these data are now being
cont inued on a long-term basis.

From 1983 to 1987, the Inst i tute for Biocl imatology and Appl ied
Meteorology of the University of Munich, in the Federal Republic of Germany,
served as the l,l l"IO Gtobal Runoff Data Centre. During this period, the centre
entered dai ly f low data for over 3,600 stat ions-years for the period 1978-
1980. The Inst i tute also began the digi t izat ion of catchment boundaries,
which were planned to be archived with the runoff data.

On 1 May L987, a permanent Global Runoff Data Centre (GRDC) was
establ ished at the Federal  Inst i tute of Hydrology in Koblenz, Federal  Republ ic
of Germany, under the auspices of the WMO. By early 1988, the GRDC had
entered data received from about 50 countr ies for the period 1981-1983. The
data processed by the University of Munich had been transferred to the GRDC in
Koblenz.

3.2 Responsibi l i t ies and Funct ions of the GRDC

The GRDC operates for the benefit of glMO Members and the international
scientific community. It provides a mechanism for the international exchange
of data pertaining to river flows and surface water runoff on a continuous
long-term basis. The GRDC receives data, through the !,lMO, from many sources.
While every attempt is made to assure reasonable standards for data quality
and related documentat ion, the ul t imate responsibi l i ty for data rel iabi l i ty
lies with the data contributors and not with the GRDC. All data, archived at
the GRDC, are avai lable to users upon wri t ten request or personal v is i t .

The GRDC has prepared documentation describing the data bank and
retr ieval service. This information is being distr ibuted to al l  countr ies.
Arrangements are being made through the WMO to collect new data from countries
which have supplied them in the past and data from 1978 from those countries
which did not respond to the original request. The GRDC collaborates with the
WMO in a number of projects related to runoff data, such as the development of
a methodology for transferring river flow data to grid values. The GRDC plans
to issue an annual global runoff monitoring report based on available river
f low data.

A detai led descript ion of the responsibi l i t ies and funct ions of the
GRDC is provided in Appendix D.

3.3 Data Col lect ion, Checkinq and Storaqe

The first request to countries for daity flow data for the FGGE
(1978-1980) was circulated in August 1982. The intent was to obtain a global



set of flow data for use in validating GCM outputs on a regular horizontal
g r id  (e .9 .  2 .5o  la t i tude  x  2 .5"  long i tude) .  I t  was  recogn ized tha t  hydro-
metr ic networks were not consistent with a regular gr id array. Since
interpolat ion techniques would be necessary, in most cases, to derive runoff
values for a regular grid array, hydrometric stations in each country had to
be selected according to the fol lowing cr i ter ia:

( i )  Uniform distr ibut ion consistent with network condit ions, with
higher densit ies in areas of rapid var iat ions of f low.

( i i )  Coverage, to the greatest extent possible, in each type of
hydrologically homogeneous region of each country.

( i i i )  Ava i lab i l i t y  o f  good qua l i t y  da ta .

To faci l i tate data interpolat ion and to obtain measurements which
direct ly ref lect the var iat ion in t ime of local meteorological  condit ions, the
fol lowing were observed in the select ion of the r iver f low stat ions:

( i )  Data should be obtained from relat ively smal l  r iver basins (up
to  about  5 ,000 km2,  and in  except iona l  cases ,  up  to  10 ,000
kn2 ) . Data from larger river basins would be obtained in
regions where the information from small river basins could not
be obtained.

( i i )  F low data  shou ld  represent  the  na tura l  r i ver  f low;  i .e . ,  they
should be corrected for diversions, abstract ions and redistr i -
but ions by storage.

On the basis of l imited information avai lable to the WMO Secretar iat
on the hydrological conditions in each country, a tentative number of hydro-
metr ic stat ions in each was suggested for considerat ion. The part ic ipat ing
countr ies revised the l ists of stat ions, suggest ing al ternat ive ones in place
of those which had been discontinued, those for which measurements were not
avai lable for the required period, those for which the data were of quest ion-
able guality, and those for which the natural regimes of stream flow could not
be calculated.

Sixty-seven countr ies responded to the request and dai ly r iver f low
data  fo r  L ,200 s ta t ions  were  co l lec ted  (see Tab le  3 .1 ) .  The da i l y  f low data
were submitted on magnetic tapes, diskettes or in documentation form (photo-
copies or pr intouts of yearbooks or observat ion forms).  In addit ion, i t  was
required that the data be subjected to an adequate qual i ty control .  In most
cases, the quat i ty of the data furnished for each stat ion was indicated by
attaching one of the following fJ.ags to the reported values:

( i )  Data  cons idered to  be  o f  very  good gua l i t y ,  i .e . ,  accura te  to
wi th in  +5%.

( i i )  Data  cons idered to  be  o f  good qua l i t y ,  i .e . ,  accura te  to  w i th in
+5 to  +L02.

( i i i )  Data  cons idered to  be  o f  modera te  qua l i t y ,  i .e . ,  accura te  to
wi th in  +10 to  +20%.

( iv )  Data  cons idered to  be  o f  poor  qua l i t y ,  i . .e . ,  accura te  to  no
bet te r  than +202.
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(v) Data amended in l ight of  qual i ty control  checks.

(vi)  Data derived in order to complete a missing record.

The cal l  for supply of dai ly f low measurements for the same stat ions
for the years 1981-1982 went out in June 1984. In addit ion, countr ies were
requested to provide maps of the catchment areas for each stat ion, in order to
enable users to interpret the f low data in terms of gr id values. About 50 of
the 67 part ic ipat ing countr ies suppl ied the data and maps for approximately
500 catchments.

Table 3.1.  GRDC Summary Reqister  of  Hvdrometr ic  Stat ions

Country Number of stations

Dai lY
(WI"IO Col lect ion)

with archived f low data

Monthly
(Unesco Pub. )

Afghanistan
Albania
Algeria
Argentina
Austral ia
Austr ia
Bangladesh
Belgium
Bol iv ia
Braz i l
Bulgaria
Burkina Faso
Burma
Cameroon
Canada
Central African Republic
Chad
Chi le
China
China (Taiwan)
Colombia
Congo
Costa Rica
Cuba
Clprus
Czechoslovakia
Denmark
Dominican Republic
Ecuador
Egypt
E1 Salvador

;
T2
1 9
1 0

1
3

6
T 4

5

1 3
7 8

3
2
5
8
1

t2
T2

5
7
2
3
3
5

1 4
5
5

1 8
1 3 5

3

2

1 1 ;

-
I

4

205

1 1

4

7
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Country Number of stations with

Dai  Iy
(WMO Col lect ion)

archived flow data

Monthly
(Unesco Pub. )

Ethiopi.a
F i j i
Finland
France
France (Guade.l"oupe)
France (Martinique)
France (Reunion)
French Guyana
French Polynesia
Gabon
Gerrnany, Federal Republic of
Gerrnan Democratic Republ ic
Ghana
Greece
Guatemala
Guinea
Guyana
Honduras
Hongkong
Hungary
fceland
India
freland
Iran
Irag :
IsraeI
I taly
Jarnaica
Japan
Jordan
Kenya
Korea, Democratic

People's Republ ic
Korea, Repubtric of
Lesofho
Liberia
Libya
Luxembourg
Madagascar
Malawi
Malaysia
Mal i
Mauri tania
l"lauritius
Mexico
tvlongol i.a
Morocco
Moz,ambique

2 L
z

1 1
9
I

1
2
2

9

;z

;
5
5
2
8

:

1 1

;

t

;

;

t 0

3
8
1
I

I

1
I
1
3
az

5
2
4
5

4
4

4 4
7

1 0
4
2
5
3
5
2
1

7
I
4
,_

a

3
10

6

E

3 2
6
2
I

4 ;
1

:
4

2
I

2 8
,_
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Country Number of stations

Da i lY
(9{MO Col lect ion)

wi th archived f low data

MonthlY
(Ünesco Pub. )

Netherlands
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Papua New Guinea
Paraguay
Peru
Phi l ippines
Poland
Portugal
Romania
Senegal
Sierra Leone
Singapore
South Africa
Spain
Sri Lanka
Sudan
Suriname
Sweden
Switzer land
Syria
Tanzania
Thailand
Togo
Tunisia
Turkey
Uganda
United Kingdom
Uruguay
USSR
USA
Venezuela
Yugoslavia
Zambia

1
1
I

14
4
3
1
3

10
1
1
4

10
4

14
4

1 3
7
1

5
7
3
4
3
2
4
z
5
1
6
5
7
4
z

8 6
90
L2
4
3

2
2
6
5
5

10
2 4

:

'1

5

;
2 6'1

4
L2

3

12
1 1
2

;
L2

1 3

1 5
4

146
L20

1200 8 5 4
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The GRDC data bank consists of dai ly f l -ows for 1,200 stat ions from 67
countr j .es. The f i rst  avai lable year is 1978 and there are data for up to 1980
from nearly al l  of  the stat ions. Data from 40 countr ies are also avai lable up
to  1982-1983 and f rom Aust ra l ia  up  to  1984-1985.  In  add i t ion ,  month ly  f lows
for 864 stat ions in 106 countr ies, taken from the Unesco publ icat ion -
D ischarge o f  Se lec ted  R ivers  o f  the  Wor ld  (1965-1979)  -  have a lso  been en tered
into the GRDC data bank. It should be noted that the length of data records
varies from stat ion to stat ion. Final1y, information on catchment areas and
geographical  locat ions are also avai lable.

3 .4  Ret r ieva l  Serv ice

The GRDC has devefoped a suite of programmes to provide users with a
select ion of retr ieval opt ions to make the data and information readi ly
accessible. A l ist  of  the current ly-avai lable retr ieval opt ions is provided
in Table 3.2. Examples of typical  outputs are provided in Appendix E.

Tab le  3 .2 .  L i s t  o f  GRDC Re t r i eva l  Op t i ons

OPT]ON REMARKS

Tab1e of  dai ly  mean f lows
( i n  m 3 / s )

Tab1e of monthly mean flows
( i n  m 3 / s )

Hydrograph of daily mean
flows

Hydrograph of monthly mean
flows

FIow duration curve

Includes monthly and annual
mean flows

Includes annual mean flows

(Inc lus ion of  mean of
pe r i od  poss ib le )

( Inc lus ion of  mean of
pe r i od  poss ib le )

(Inclusion of maximum and
minimum flow duration curve
poss ib le  )

Flow duration table

Station and catchment
information

Creat ions of  data f i les

In response to user requirements, the GRDC data bank was being
cont inual ly  extended in t ime and space.  I t  was hoped that  the data ret r ieval
fac i l i t ies woul .d aLso be upgraded,  subject  to  the avai labi l i ty  of  resources.

Requests could be made in wr i t ing or  by a personal  v is i t  to  the GRDC.
The fo l lowing in format ion should be speci f ied:
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Name and address to which output should be sent (include

telephone and telex numbers i f  avai lable).

Hydrometric stations for which data are reguired.

T i t le (s )  o f  op t ions  reques ted .

Charges might be assessed to cover the costs of providing services
(e .g .  cos t  o f  tapes  or  d iske t tes ,  ma i l ing  and hand l ing  charges) .
could be waived if the individual or institution was a contributor
the GRDC.

users
charge

data to

Requests should be addressed to:

GRDC
Br:ndesanstalt für Gewässerkunde
Kaiserin-Augusta-Anlagen 1 5-17
D-5400 KOBLEI{Z
Federal RePublic of GermanY

Telephone:  0251-1306- l
Telex: 08-62499

4. DIGITIZATION OF CATCHMH{T BOIJNDARIES

4.1 Background

fn order to convert river flow measurements into runoff values from
catchments, it is necessary to know the areal extents of the catchments.
Thus, one of the requirements of the Global Water Runoff Data Project is to
obtain the necessary geographical information, which describes the catchment
boundaries, with the river-fIow measurements. About 50 countries have already
supplied maps with the geographical co-ordinates of some 600 catchments, but
nore maps are needed.

4.2 Universi tv of Munich Work

G. Schwartzmaier reviewed the work done so far by the University of
Munich. Software has been wri t ten to digi t ize the boundaries of catchments,
but the prograrune had not been applied to the map information which had been
received from part ic ipat ing countr ies. Dif f icul t ies had been encountered
because of the di f ferent sizes of the catchments (4 krn2 to 10,000 km2),
the map scales and the map project ions.

It was stressed that the University of Munich had the resources (funds

and personnel) to take on this task, but needed help from the meeting on how
to proceed with the actual digi t izat ion.

4.3 Finnish Geosraphic Information Svstem

Y. Sucksdorff informed the meeting on the Finnish Geographic
Information System (FINGIS), which is the main programme for a computer-based
hydrologic geographic information system, developed in the National Board of
Survey of Finland for managing numerical spatial data. FINGIS has been used
to digi t ize 74 main drainage basins and 7,700 sub-basins (each about 30 kmz)
within the Finnish borders. In order to make the drainage basin register as

to
This
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compact as possible, extra digi t ized points of drainage divides have been
f i l tered. Two digi tal  models have been used to calculate the average height
and average slope of river basins.

A complete text of his report is provided in Appendix F.

4.4 Recommendations

The meeting noted the var ious digi t izat ion projects,  which have been
undertaken on global and regional scales. In particular, the IJNEP Global
Resource Information Database (GRID) system and the FAO project for Africa
were ci ted as projects which could provide valuable information to the Globa1
Water Runoff  Data Project.  The meeting agreed that digi t izat ion of catchment
boundaries was essent ial  and should be undertaken as soon as possible. f t  was
agreed that only catchment areas greater than 100 kmz should be digi t ized.

Noting the willingness of the University of Munich to underLake the
work of digiti.zing the catchment boundaries, the meeting recommended the
fol lowing:

( i ) !,1[60 and FAO undertake to determine what information on
catchment boundaries was already available and to obtain such
information {WMO/HWR has overall responsibility) .

WMO provide the above information to the GRDC.

GRDC determine what additional information are required and
take action, in co-operation with WMO, to obtain them.

( i i )

( i i i )

(iv) GRDC supply rnaps and supporting information to the University
of Munich, which would then be responsible for accomplishing
the digi t izat ion.

(v) 
::i:"i:t:il"":-il#:: ::äiSiinotnt.'zed 

catchment boundarv

5. GRIDDING OF TTYDROLOGICAL DATA

5.1 Background

The stream flow data, being compiled by the GRDC, are for individual
r iver catchments, rather than for gr id cel ls.  The problem of t ransforming
catchment data into grid cell estimates of surface water runoff has been
discussed over a number of years, part icular ly within the context of  the Wor1d
Clirnate Programme - Water (WCP-Water) Projects A.5 and 8.3 (WMO, 1985).
Although some techniques have been proposed, no generally accepted method has
been es tab l i shed.

In areas of dense coverage of gauged catchments, on the order of a few
hundreds of square ki lometers, est imates of surface water runoff  for 0.50
la t i tude x  0 .5"  long i tude or  1 .0"  la t i tude  x  1 .0"  long i tude gr id  ce l l s  cou ld
be obtained directly from monthly or daily catchrnent values by taking the
averages of those which are most representat ive of each gr id ce1l.  However,
the use of such a technique would not be appl icable for most areas const i tuted
by developing countr ies and also many areas of developed countr ies. In addi-
t ion, even i f  adequate data were avai lable, the di f f icul t ies to be encountered
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in the data col lect ion and analysis would make i t  highly unl ikely that such a
straight-forward approach could be used on a global scale.

5.2 Considerat ion of Proposed Techniques

S. SolomoD, G. Girard and G. Schwartzmaier informed the meeling of
various approaches which have been considered for the computation of grid

6nint and gr id area est imates of hydrological  var iables. Tradit ional ly,
hydrologists have performed the spat ial  interpolat ion of point or sma1l area
values using techniques such as isol ine interpolat ion, Thiessen polygons,
weighted averaging and Kriging, but al l  of  these are appl icable only when a
dense network of observat ions are avai lable or where there is only a smal l
spatial variation in the parameter of interest. In the case of the GRDC data
set,  the network of avai lable observat ions, except in the case of a few
local ized regions, is much too sparse to permit  the use of any of these simple
techniques. Clearly,  what is needed is information, in addit ion to stream
flow data, which could be used as a basis for the interpolat ion and spat ial
distr ibut ion of the avai lable data.

One alternative to the simple approaches referred to in the previous
paragraph is to use a mult iple regression technique, which incorporates
addit ional.  parameters (€.9.,  topography, soi l  type, land use/Iand cover,
geology and est imates of areal precipi tat ion).  This approach has already been
studied by the fnstitute of Bioclimatology and Applied Meteorology at the
University of Munich. However, the limitations of this approach need to be
properly recognized and the independent var iables should be properly selected.
The technique impl ies that these variables have a real physical  relat ionship
with the dependent variable and are not affected by errors which would make
any reduct ion in est imating var iance a pract ical  impossibi l i ty.  I t  is wel l
known, for example, that one of the basic assumptions of regression analyses
is that the independent var iables are free of errors, but this is never
possible in pract ice.

Another al ternat ive is to use the same or simi lar addit ional para-
meters in a water balance model,  which could be appl ied to gr id cel ls in such
a way as to obtain values for the baLance components, which are internally and
hydrologically consistent, and at the same time matches the observed data.
S. Solomon has used such a technique in the past, but not on a sparsely-
populated global data set such as the one being constructed by the GRDC.

G. Girard descr ibed the appl icat ion of a gr id-based hydrological  model
during the HAPEX-MOBIüry experiment, which took place over a 100 x 100 kmz
region in Southwestern France from Apri l  1985 - January 1987 (see Appendix
G). The model was appl ied on a t i4e scale of 1-30 days for the purpose of
evaluating the transfer of water across the atmosphere-land surface inter-
face. This evaluat ion needed to maintain compatibi l i ty with observed values
of precipi tat ion, runoff ,  groundwater Ievels and soi l  moisture. A spat ial ly
distributed model was used, in order to take into account the spatial as well
as the temporal variability of the input information. The model coupled
surface and ground water and was based on a 5 x 5 km2 gr id,  with 2.5 x 2.5
km'or  1 .25  x  1 .25  km2 gr ids  where  iL  was necessary  to  s imu la te  the  more
linear elements of the drainage basins.

The only inputs for the cal ibrat ion of the model were dai ly precipi-
tation measurements from a network of 70-100 raingauge stations and estimates
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of potent ial  evaporat ion from 7-8 stat ions. The output used for the cal ibra-
tion was the daily discharge for the gauged sub-basins, plus groundwater
levels for certain locat ions. The results were presented in the form of
estimates for each of the water balance terms for the 10 x 10 kn2 grid
squares ,  fo r  the  per iod  1974-1986.  The es t imates  agreed we l l  w i th  those
obtained by other means, in particular those from the Systörne Automatique de
Mesure de I 'Evapotranspirat ion Rriel le (SAI '{ER) stat ions. This conf irmed the
validity of the model and its results, in terms of the HAPEX-MOBILHY
experiment.

Recognizing the shortcomings of using any of the above-mentioned
techniques wi.th the GRDC data set, the meeting concluded that what is needed
is a modelling technique, which incorporates additional tlpes of information
with the avai lable r iver f low measurements to "extrapolate" the coverage of
runoff information to adjacent areas. Some suggestions were offered on how
the analysis might be performed and what tlpes of addition data might be
required. The use of a Geographic Information System (GIS),  in conjunct ion
with the analysis model, was strongly advocated. It was recognized, however,
that it woutd be some time before a GIS, with the appropriate additional
information, could be established by the GRDC and an appropriate analysis
scheme could be tested for use in producing global gridded fields of runoff
data.

The meeting concluded that the Global Water Runoff Data Project should
not attempt,  at  this t ime, to produce an inter im global data set,  on the basis
of using present ly-avai lable simple analysis methods, because the result ing
data would, in all l ikelihood, not be accurate enough for climate research
purposes. Thus, it was recorunended that in parallel with the development and
test ing of general ly appl icable gr id est imation techniques under l lCP-Water,
I,'IMO should undertake a project which would provide a preliminary data set, or
data sets,  for l imited areas of the Earth's land surface in as short  a t ime
per iod  as  poss ib le .

5.3 Pi lot  Pro- iect to Produce Gridded Est imates
L i m i t e d @

of Surface Runoff over

f t  was recognized that in certain regions of the world,  there were
suff ic ient ly dense networks of r iver f low stat ions which could permit  the use
of present ly-avai lable techniques to produce gr idded est imates of runoff  over
l imited areas for use in val idat ing GCM outputs. The col lect ion of high-
density measurements from these networks could be useful for this purpose.

A pi lot  project was proposed for the purpose of construct ing data sets
over certain dense r iver f low networks, which could be used in current ly-
avai lable techniques for est imating runoff  over gr id cel ls.  The areas under
consideration should be fairly homogeneous from both climatic and hydrologic
viewpoints.  Dai ly r iver f low measurements for each catchment,  for the
calendar years from 1978 to 1980, should be obtained. Where this is not
possible, then monthly values should be obtained.

The meeting recommended that the area shouLd be conf ined ini t ia l ly to
lat i tudes 480-55"N and longitudes 7"-15"8, and then later expanded to 45"-55"N
and 5"-25"8. I t  was suggested that the Federal  Republ ic of Germany be
approached to consider taking the lead for this project by having the GRDC
col lect and process the data set,  with the assistance of WMO in request ing the
co-operat ion of part ic ipat ing countr ies. The GRDC would be responsible for
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the construction of the data set and the derivation of runoff estimates for
gr id ceI ls covering the project area. The data set would then be made avai l -
able to C0,l modellers for validating outputs over the European area. A
detai led project plan is given in Appendix H.

5 . 4 Intercompaiison of Techniques for Computinq Grid Point and Giid Äreä
Estimates

The r iver f low data sets to be col lected in the pi lot  project would be
of significant value to the development of techniques for estimating grid cell
runoff values in areas of limited data coverage. Almost certainly, additional
data and information would be required, in conjunction with the river flow
data, to arr ive at gr idded est imates. A sui table model is needed which
incorporates all of these information in a hydrologically consistent way.

The meeting proposed that efforts should be made to obtain the
additionat data and information from available sources, insofar as possible.
Certain information included in Geographicaf fnformation Systems, such as the
UNEP GRID system, would be most valuable for the construction of a GfS to
serve the purpose of running a model to produce gridded estimates of runoff
data. However, the meeting cautioned that the sources of the information
needed should be checked to ensure that the quality of the information is
acceptable.

Although no firm recommendations could be made regarding an inter-
comparison project, the meeting suggested that the !,lMO Secretariat should
begin to initiate contacts with hydrological and meteorological grouPs, which
might be interested in part ic ipat ing in such a project.  A pi lot  data set,
consisting of river flow observations plus the additional data and information
from a GIS, should be constructed and each participant provided with a copy of
the data set.  The part ic ipants would be asked to apply their  technigues/
models on the same data set (using only a limited number of actual river flow
observations to simulate data-sparse regions over most of the globe) and their
results would be presented at a workshop to evaluate the strengths and
weaknesses of each technique. It was hoped that by means of such an inter-
comparison, a practical technique for producing gridded runoff estimates could
be obtained for use bv the GRDC.

6 . ACTION PT,AN

The meeting concluded that follow-on activities vrere essential for the
improvement of the completeness of the available data sets, for the collection
of geographical information on catchment areas and the digitization of
catchment boundaries, and for the development of models and a geographic
information system to provide the gridded information required by climate
modellers. An action plan was developed to continue the work which had
already been accomplished and is given in Appendix I.

The workshop suggested that the plan of activities of the GRDC might
be developed in three stages:

( i )  First  Staqe: The f inal izat ion of the pr incipal data base of
river flow measurements and the establishnent of the routine
retr ieval service to users, along the l ines specif ied in the
responsibilities and functions of the GRDC. (This stage
should terminate in the f i rst  hal f  of  1990. )
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( i i )  Second Staqe: The establ ishment,  through l iMO and independent-
Iy,  of  contacts with other data centres and organizat ions with
data bases, which are reLevant to the task of est imating and
val idat ing r iver f low data, by use of basin information other
than actual measurements of river flow, and the inclusion of
such information in i ts ovm data base. In addit ion, the
establ ishment of an information base for advising users, upon
request, on where such data are archived and how they might be
obtained. (This stage should terminate in the second half  of
1990 or  the  f i rs t  ha l f  o f  1991.  )

( i i i )  Third Stage: The cont inuat ion of the study to provide runoff
data on a gr id point basis and, in this connect ion, the
considerat ion of establ ishing a geographical  information
system, which could ul t imately provide, together with the use
of appropriate hydrological models, global data coverage on
the hydrology of the earth in a dynamic mode for the purpose
of modelling the impacts of climate change on the availability
of water resources. A smal l  advisory board, consist ing of
representatives of the SRDC, WMO and Unesco and possibly sone
individual scientists, $rould be constituted for this purpose.
(This stage should begin in the second half of 1989 or the
f i rs t  ha l f  o f  1990.  )

CLOSl'RE

The workshop was closed at 12:00 p.n. on 15 November 1988.
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APPHVDIX C

TTIE IüEEDS OF CLIMATE MODELLERS FOR WATER RTJNOFF DATA

By

Peter Rowntree
U.K. Meteorological  Off ice

Brackne l l ,  U .K.

IIITRODUCTION

The object ive of this meeting is to
Data Project. I have been asked to provide
model lers for the products of the project.
response to that reguest.

discuss the Global !{ater Runoff
guidance on the needs of numerical
This paper has been wri t ten in

2 .

Runoff enters into climate models at two points. The first is in the
land model, which must estimate the amount of runoff for given fluxes, past
and present, between the atmosphere and the land surface. The second is in
the ocean component of the model, where the runoff enters the ocean and
modif ies the water propert ies.

I shall first sumnarize the structure of a climate model and then
describe in more detail the role of runoff in the land surface parameteriza-
t ions and in ocean models. Final ly,  I  shalI  present some results from
atmospheric models to al low you to assess their  present capabi l i ty for
simulating runoff and briefly discuss the inclusion of runoff in ocean models.

CLIMATE MODELS

A cl imate model,  as is used at present,  t1pical ly has 4 components
twoatmosphere, Iand, ocean and sea-ice. The atmospheric model represents the

horizontal wind components, temperature and humidity on a three-dimensional
array of points and the surface pressure or total mass for each vertical
column. In the horizontal, the surface of the globe is divided into a
latitude-longitude mesh with north-south gridlengths varying between models
from about 8" to 2" of lat i tude (e.9.,  the MO model has a 2.5" lat i tude x
3.75" longitude gr id).  In the vert ical ,  models have from 2 (a rare except ion)
to 12 layers. Each of the main var iables is given an ini t ia l  value, which may
be from real data or simply a windless isothermal state. The rates of change
are then calculated using the relevant physical equations and the state one
t ime step later (10 minutes for the MO model) is computed. This process can
be cont inued indef ini tely.  This is exact ly the same as the method used for a
forecast. Even though the predictability of day-to-day features is limited to
a few days, a good model should be abtre to generate a real ist ic c l imatology.
By modifying aspects of the environment, such as COz content, assessments of
expected climate change can then be made.

The model of  the ocean is simi lar in structure, with sal ini ty
replacing humidity as a variable. The sea-iee and land surface may be
represented with a range of complexi t ies. I  shal l  discuss the land hydrology
representat ions in detai l ,  short ly.
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3. RTJNOFT DATA REQUIREMENTS

There are two needs of GCMs for runoff data, one associated with each
of the contexts where runoff appears in the GCM formulations: surface
moisture budget and ocean freshwater input. These require different types of
runoff  data for val idat ion. fn the land context,  the need is for }ocal gr id
scale data derivable from observat ions for smal l  catchments, though integrated
data for larger catchments is of value as wi l l  be indicated later.  In the
ocean context, the need is for data on the input to the oceans, both at major
r iver out lets and al .so perhaps ( i f  they are of comparable size) from
groundwater, and small streams.

3.1 Land Data Requirements

3.1. f .  Introduct ion

Models represent the major terms of the land surface water budget as
in the equation:

l m / 0 t - P - E + M s - Y  ( 1 )

where  m is  the  to ta l  so i l  mo is tu re ,  t  i s  t ime,  P  is  ra in fa l l ,  E  i s
evaporat ion, M" is snow melt  and Y is the total  runoff .  The processes
included in the runoff parameterization are typically the surface runoff and a
deeper runoff .  These processes are famil iar to hydrologists,  but i t  may be
instruct ive to descr ibe how one of the more sophist icated parameter izat ion
schemes, the Biosphere-Atmosphere Transfer Scheme or BATS (Dickinson, L984;
D ick inson e t  a l . ,  1985)  represents  them.  Reference w i l l  a lso  be  made to
another sophist icated parameter izat ion, the Simple Biosphere model or SiB
(SeI le rs  e t  a l . ,  f986) ,  and to  the  Meteoro log ica l  Of f i ce  scheme (V, la r r i low
et  a l . ,  1986,  V ' Ia r r i low,  1986) .  F igure  1  shows the  main  components  o f  BATS;
the input terms, the transfers into the soil and runoff, and the return of
moisture to the atmosphere through evapotranspirat ion. C1ear1y, val idat ion of
the model with runoff data is capable of providing information on each of
these processes and their  parameter izat ion. Precipi tat ion is treated here as
an external input,  but this is somewhat misleading. As has been shown in a
number of experiments, including several  recent ly in which the evaporat ion was
reduced over land by al lowing for plant stomatal  resistances, reduct ion of
evaporat ion tends to decrease precipi tat ion. A part icular ly str ik ing
demonstration of this was provided by the experiment of Shukla and Mintz
(1982) in which the evaporat ion was el iminated over land (see Figure 2).
Precipitation was greatly reduced over land, showing how important loca1 water
sources are to the atmospheric water budget.

3 . r . 2 Input of water to land surface

I  consider  f i rs t  the inputs,  the f i rs t  and th i rd terms on the r ight
s ide of  equat ion (1) .  The ra infa l l  is  s imulated by the atmospher ic  branch of
the model  as based on the laws of  physics;  general ly ,  the models separate ly
parameter ize convect ive and large-scale prec ip i ta t ion.  In  the presence of
vegetat ion,  a l lowance is  made for  in tercept ion of  the ra infa l l  by the fo l iage,
and for  i ts  evaporat ion at  the potent ia l  rate (  i .  e .  ,  wi th zero sur face
resis tance) .  When the canopy capaci ty  is  reached,  any surp lus is  assumed to
dr ip to the ground.  Snow is  s imi lar ly  in tercepted and may subl imate or
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Figure 1. Schematic diagram i l lustrat ing the features
included in a land-surface parameterization
scheme.

fal l /b low from the vegetat ion when the capacity is exceeded. (For the albedo
calculat ion, i t  is ef fect iveJ.y al l  assumed to blow off) .  Snowmelt  is added to
any rainfall occurring at the same time, and infiltrales into the soil
provided the input does not exceed the maximum infiltration rate. Determina-
t ion of this involves the model l ing of water in the soi l ,  which is the subject
of the next subsection.

3.1.3 Inf i l t rat ion and surface runoff

For many years, the standard GCM
the simple "bucket" model (Manabe 1969),
was of f in i te depth (rn-"*)  and the runoff
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Figure 2. Precipi tat ion (mm/day) in wet-soi l  case (top)
and dry-soil case (bottom), in experiment of
Shuk la  &  Min tz  (1982) .  (Prec ip i ta t ion  grea ter
than 2 mm/day is shaded).

ful l ,  af ter which Y was suff ic ient to maintain m = rnmax. More elaborate
treatments designed to allow some runoff for m ( m-.x !,rere incorporated into
sone.models. A few models included no hydrology at all. The NCAR Community
Climate ldodel (CCI'!) simply assumed that evaporation over land was a fixed
f rac t ion  (0 .25)  o f  the  po ten t ia l  va lue .  Hansen e t  a l .  (1983)  re laxed some o f
the constraints,  al lowing di f ferent f ie ld capacit ies (m-a") for di f ferent
vegetation types, and including two layers with upward diffusion between them,
which depended on vegetat ion and t ime of year,  so effect ively represent ing the
transfer of water from the Lower layer by roots during the growing season.
Runoff  f rom the upper layer was taken as being proport ional to i ts water
content and to the rainfal l ,  thouqh with a sudden increase when m reached rr^a*.
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The BATS formulation introduced a more physically-based approach to
the parameter izat ion of soi l  moisture. The moisture f lux in the soi l  at  depth
Z can be described in terms of the soil water suction (Q = Z - O-) and the
hydraulic conductivity (K) :

M ( z )  =  - K ( z )  ö Q / 3 2

K is  expressed by  D ick inson e t  a I .  (1985) ,  a f te r  Ctapp and Hornberger  (1978) ,
in terms of the fract ional soi l  water content,  s,  (rat io of soi l  water volume.
to volume of voids in the soil) as

K  =  K o s 2 " * t

Sinilarly, Dickinson assumes

D * = - Ö o s - "  ( 4 )

In these expressions, B is a nondimensional parameter which varies
with soil t$)e, from about 3 for sand to 11 for clay, and Oo and Ko are
values at saturation. Qo does not vary with soil tlpe in Dickinson's
parameterization, but K" is greater for sand by two orders of magnitude
relat ive to clay. Water is represented in two layers, the surface layer and
the total rooting layer, which includes the surface layer.

The SiB uses a simi lar parameter izat ion in a 3-Iayer model.  The
moisture in the upper layer is direct ly avai lable for evaporat ion into the
atmosphere, whi le the second layer 's water can be tapped only by roots.
Transfer of water in the third layer is by diffusion and gravitational
drainage only.

Surface runoff is parameterized in BATS in terms of the fractional
saturat ion b (soi l  water density/saturated soi l  water density),  as baF where
F is the net input of water (P+MS-E), unless the second layer soi l  tempera-
ture is below freezing, in which case the larger quantity bF is used to allow
for blocking of infiltration by ice. The remainder of the water at the soil
surface infiltrates and is added to the upper soil water reservoir. Note that
this formulation takes no explicit account of the vegetation t1pe, though the
intereeption of water by the canopy makes some alLowance for this. In SiB,
the infiltration is zero if the top layer is saturated or the ground surface
temperature is below freezing, but otherwise is limited only by the saturated
hydraulic conductivity, K".

In real i ty,  rainfal l  is not distr ibuted evenly over a gr id square. In
the MO model (Warr i low, 1985),  an exponent ial  f reguency distr ibut ion funct ion
is assumed for the rainfall in determining the surface runoff caused by the
maximum inf i l t rat ion rate being exceeded, so that:

Y ( O ) = P e x p ( - e F l P )

where F is the maximum inf i l t rat ion rate, Y(O) is the surface runoff ,  and e
is 1 for large scale rainfal l  and 0.3 for convect ive rainfal l .  The maximum
inf i l t rat ion rate is also a funct ion of vegetat ion and soi l  t1pes, with:

( 2 1

( 3 )

( s )

F  =  F '  ( u ß "  +  0 . 5  ( 1 - u ) ) ( 6 )
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Here, u is the vegetated fract ion, F. is the bare soi l  inf i l t rat ion capacity,
dependent on soil t1pe, and ß, is the vegetation infiltration enhancement
factor,  which var ies from 2 for crops to 6 for forest.  This al lows for the
effect of vegetation on ground permeability, e.g. through decayed roots and
I i t te r .  The fac to r  0 .5  in  (6 )  a l lows fo r  c rus t ing  o f  bare  so i l .

3.1.4 Percolat ion and deep runoff

In the "bucket" formulations, surface and deep runoff were not
separated, whi le in Hansen et aI . 's scheme, the lower soi l  layer could not
reach saturation because it received water only when the upper layer was
wetter than Lhe lower layer in terms of fractional saturation. Both BATS and
SiB parameterize percolation between the layers in terms of the gradient of
the soi l  water potent ial  O, def ined earl ier.  Deep runoff  is the gravi ta-
t ional drainage term which in BATS is Kos2B*t,  giv ing a large sensit iv i ty
to s.  For example, for a loam with B=5 and Ko of 1.3 x l0- '  m/s, deep
runoff  with s=0.5 is about 0.2 mm/day, whi le with s=0.6 and the same soi l ,
runoff is ten times greater. The SiB formulation is similar to BATS but
allowance is made for a mean slope. The drainage is dependent on the water
content of the third layer rather than that of the whole soil represented in
the model as it is in BATS.

3.1.s !y:ry!:r:glt3tt9l

Final1y, the evapotranspiration is parameterized in terms of a Penman-
Monteith approach with dependence on two resistances; one, the stomatal
resistance (r")  represent ing the resistance to transfer between the inter ior
and the exter ior of  the leaf,  and the other,  the aerodynamic resistance (ra),

the resistance to transfer between the leaf surface and the canopy air sPace.
Here, one is mainly interested in r" ,  because i t  is dependent on the soi l
moisture. Other dependences are included in the BATS formulation for r=,
for example on temperature, solar radiation and vapour pressure deficit below
saturation. The dependence on soil moisture has two components. Firstly, the
l imit  to uptake of water by roots is represented by restr ict ing transpirat ion
to about 0.5 mm/hour. Secondly, this limit is further reduced as the soil
moisture approaches the wilting point, E being reduced by multiplication by a
term (1 -  l { r . r) ,  dependent on soi l  water potent ial  for each model layer,
where:

? t r r  =  ( s - B  -  1 ) / ( s *  
- B  -  1 )

Here s* is the goil water content for which transpiration becomes zero -

some water being unavailable. The value of s- increases from near 0.1 for
sand to over 0.5 for c lay. The dependence of Wrr on s through (7) is i l lus-
trated by the values in Table 1 for a typical value B = 5 with the value of
s -  (0 .125)  suggested  by  D ick inson (1984) .

Tab1e 1: Variat ion of l f r r  with soi l  moisture s for B = 5 g *  =  0 . 1 2 5

( 7 '

S

Wr. r

. 8  . 6  . 4  . 3

. 0 0 0 1  . 0 0 0 4  . 0 0 3  . 0 1 3

. z  . 1 7 5

. 0 9 5  . 1 9

. 1 5 . 1 4  . 1 3  . L 2 5

. 4 0 . 5 7 . 8 2
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Note the sma1l effect of  var iat ions in s for s )  0.3. The abrupt decrease in
water avai labi l i ty over a smal l  range of s is consistent with the observat ions
sununarized by Priestley and Taylor l1-972l. However, it may not be appropriate
to appty such a sharp cutoff to a model grid box of scale 100 kn or more with

considerable inhomogeneity in several  respects (rainfal l ,  soi l  and vegetat ion
t lz; le,  s lope, etc.  ) .

3 . 1 . 5  D i s c u s s i o n

The role of runoff  in this system is clear ly a signi f icant one and i t
is iryrortant that the runoff processes are adequately represented. If the
precipi tat ion is real ist ical ly s imulated, i t  is possible that observed data
could be used to improve the simulations by using the information they provide

to adjust the model formulations of runoff or the soil characteristics. One
might envisage two stages in the use of such data. First, the hydrological
parameterizations would be improved using runoff data for areas where the soil
character ist ics are relat ively wel l  known. Then the val idat ions would be
employed to diagnose soi l  character ist ics in other regions. This would be of
part icular value because satel l i te data are l ikely to be of l imited use in the
specif icat ion of soi l  character ist ics.  Given a suff ic ient quant i ty of data'
for example a multiyear runoff series and a limited number of parameters in
the hydrological system, an appropriate mathematical technique could perhaps

be devised to determine al l  the parameters for a region or grouP of gr id

boxes. One problem with the above proposal is that the sum of surface runoff
and percolalion to groundwater (the usual modelled quantities) approximates
river runoff (the observed quantity) only in a long period mean.

3.2 Ocean Data Reguirements

Rgnoff is of considerable significance for the oceans through the
ocean salinity or freshwater budget equation:

p - Z d S / d t = S ( E - P - I )  ( 8 )

where I is the input of water from the land per unit area of the ocean
surface, p* is the density of the seawater, Z is the ocean depth and S is
the sal ini ty or sal t  content per unit  mass. This is der ived by def ining S as
(mass of sal t) / (mass of water) or W"/W- and di f ferent iat ing i t  with
respect to t ime t ,  assuming W, f ixed, to obtain:

ds/dt = -(w"/w- ')  dw-/dt = -(s/w*)dvl-/dt

The imporLance of runoff to the ocean would be expected to be a
maximum in the proximity of major rivers and where the ocean is particularly

sensitive to the salinity. Comparison of the runoff for each ocean as a
fraction of the total mass of the ocean (Table 2) is instructive in this
context. Points of interest in Table 2 include the large inflow of runoff
into the Atlantic, the much larger inflow for its size into the Arctic than
the other oceans, and the large imbalance between evaporation and precipita-
tion in the Atlantic. The first two points are a consequence of the geography
- the positions of watersheds well away from the Atlantic and Arctic, and
close to the Pacific and Indian Oceans. The last is probabl.y mainly due to
the presence of the Sahara Desert upwind of the Atlantic, Ieading to advection
of dry air ,  with a large potent ial  for evaporat ion across the subtropical
At lant ic.  The greater observed sal ini ty of the At lant ic compared with the
Pacif ic can be attr ibuted to this.

( 9 )
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T a b l e  2 . Components of  f resh water  mass balance for  oceans
( f r o m  K o r z u n  e t  a l .  ( 1 9 7 4 ) )

ocean Area
(  lo6  km2 )

Vo l t rme In f low Prec ip .  EYap.  Ba ' lance l / v
(  IOG km3 )  -1  t  O3 km3/ lear )  - - - - - - - - - - -  O/OO/yr

P a c i f i c
A t l a n t i c
fnd i  an
Arc t i  c

Tota'l

1 7 8 . 7
9 1  . 7
7 6 . 2
1 4 . 7

3 6 1  . 3

7 0 7 . 1
3 3 0 .  I
? 8 4 . 6

1 6 . 7

|  3 3 8 . 5

1 4 . 8
2 0 . 8

6 . 1
5 . 2

4 7 . O

2 6 0 . 0
92.7

I  0 0 . 4
5 . 3

4 5 8 . 0

269.7
124.q
1 0 8 . 0

3 . 2

5 0 5 . 0

+ 5 . 1
- 1 0  . 9

- 1 . 5
+ 7 . 3

0

0 . 0 2
0 . 0 6
0 . 0 2
0 . 3 1

0 . 0 3 5

The sensit iv i ty of the ocean to runoff  var iat ions has most ly not been
assessed in any systematic way. Possible sensit iv i t ies may be grouped under
the fol lowing headings:

Tropical_r iver_ inpgts.  Examinat ion of  ocean sal in i ty  char ts
reveals marked min ima in sal in i ty  near  the entrances to major

r ivers,  in  par t icu lar  the Amazon,  which provLdes the largest

input  of  f reshwater  to the wor ld 's  oceans.  The ef fects of
sal in i ty  on the t ropicat  ocean c i rcu lat ion have been d iscussed

by  Cooper  (1988 ) .  He  ca tcu la ted  the  e f f ec t s  o f  sa l i n i t y  on

the densi ty  d is t r ibut ion and noted the important  ro le of

sal in i ty  in  the At lant ic  and nor thern Indian Oceans.  Gener-

a l1y,  gradients were larger  i f  the ef fects of  sa l in i ty  were

ignored.  This indi .cates that  the ef fects of  temperature and

sal in i ty  tend to cancel ,  warm water  being general ly  more

sal ine in  the t ropics.  (This is  as expected in  the absence of

ra infa l l ,  s ince evaporat ion tends to be greater  over  warm

water ;  a lso,  the c lear  sk ies of  the subtropical  h igh pressure

regions a l low st rong solar  warming and are associated wi th a

lack of  ra infa l l ) .  The input  of  low sal in i ty  water  by r ivers

such as the Amazon generate large sal in i ty  gradients and

associated densi ty  gradients.  However,  these are conf ined to

laye rs  nea r  t he  su r face  (e .g . ,  t he  Lev i t us  (1982 )  a t l as  g i ves

t h e  m e a n  s a l i n i t i e s  f o r  0 " - 5 " N ,  5 0 - 5 5 " W  a s  2 5 . 4 '  3 3 . 4  a n d  3 5 . 7

o/oo at  0,  10 and 20m depth respect ive ly)  and have l i t t le

ef fect  on the pressure gradients in  the t ropical  ocean.  They

have been general ly  d isregarded by t ropical  oceanographers.
Some appreciation of the reasons may be gained from the

figures in Table 2 and by comparing the mass transport of the

Amazon,  about  0.2 x 10t  m3/s at  i ts  seasonal  peak in  May,

to that  of  the of fshore Brazi l ian coasta l  current ,  about  20 x

1 0 G  n 1 / s .

High- Iat i tude r rver  inputs.  Sal in i ty  maps a lso show low

values in  the Arct ic  Ocean,  where a number of  major  r ivers

en te r  t he  ocean ,  as  i s  ev iden t  f r om Tab fe  2 .  Two  poss ib le

consequences need to be considered.  The f i rs t  is  that  the

c i r cu la t i on  may  be  d i rec t l y  a f f ec ted  by  t he  sa l i n i t y  chanqe .

( i )

( i i )
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Note that at the temperatures tlpical of high latitude oceans'
the ocean density is I i t tLe affected by temperature di f ferences
(Figure 3).  The second is that there may be effects on sea-ice
because river runoff of fresh water contributes to the forma-
t ion of a shal low halocl ine, favourable for ice development.  A
matter of considerable interest is whether the el iminat ion of
input from Russian r ivers through their  diversion for i r r iga-
tion purposes would have a significant effect on the extent of
Arct ic ice, and so on cl imate. Semtner (1984 '  L987 ) has
model led the Arct ic Ocean circulat ion and perturbed the inf low
from Russian r ivers to provide some prel iminary assessment of
the possible effects of diversions of Russian r ivers'  and thus
also of the effects of r iver runoff  per se.
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In his f i rst  paper,  the ice processes were only simply
model led, with the ice extent est imated from the surface
temperature and no seasonal cycle. Experiments were run to 80
years to provide an equilibriun solution for different runoff
inputs from Russian rivers. Though the mixed layer became less
stable in the marginal seas adjacent to the affected r ivers,
the halocline of the central Arctic Ocean was nearLy unaf-
fected. However,  there were substant ial  changes in sal ini ty
distr ibut ion (Figure 4) and surface currents. In part icular,
the net surface outflow from the Kara and Barents Seas was
halved, with the total  diversion of the r ivers f lowing to these
seas, a large area having flow changes of abouL 1 cm/s. In
this case, maximum temperature and salinity changes occurred
near the edge of the shelf ,  with surface sal ini t ies increased
by nearty 2 " /oo, a surface warming of 0.4K and cool ing near
560 m of over 1K; the cooling was ascribed to changes in
advection of warm Atlantic water.

In his second paper (Semtner,  1987),  which includes the ice
dynamics and thermodlmamics and also the seasonal cycle, the
enphasis is on the modelling of the circulation and only a two
year experiment lras nrn with reduced river runoffs. The only
effect on ice cover in this time was a small increase near the
ice edge in the Barents Sea. Arguably a two year integration
is not a very good guide to the long term effects.

In summary, the runoff from Arctic rivers appears to have a signifi-
cant effect on the ocean circulation. In the tropics, the effects on the
circulation may be sma1l or difficult to detect because of the generally more
intense,currents, the more important rofe of precipitation and evaporation and
the inherent ly more stable vert ical  structure.

MODEL ESTIMATES OF RIJNOFF OVER CONTINENTS

' Figure 5 shows the runoff as nodelled in an atmospheric @M integra-
tion (:Manabe and Ho11oway, 1975) in which the ocean surface temperatures and
sea ice extents were specif ied. The surface parameter izat ion $ras the bucket
formulat ion described earl ier.  General ly the model magnitudes are quite

real ist ic,  but the detai ls of  the distr ibut ion are substant ial ly in error.
Most of the errors can be explained by errors in the model led precipi tat ion
(see Manabe and Ho11oway, 1975);  i t  is c lear that a better s imulat ion-would be
needed'to al1ow other causes of discregnncies to be isolated- ) ,

.Comparisons of runoff ,  model led for specif ic r iver basins, have been
calculated for a recent integration with',the MO model. The,annual mean runoff
was fairly r'ealistic for two of the three basins considered: the Amai'on and
the Mackenzie^.. For the third, the Ganges/Brahmaputra, the underestimation of
sunmer rainfall prevented any useful comparisons, and this basin will ' not be

discussed 
' further. .here. ' t rn the cäserof,  the Amazon (Figure 5),  thö,seasonal

cycle of runoff was badly öut of phase with the observed, leading it by
several months. This was not due to errors in the rainfall which was quite

real ist ical ly model led; t 'he evaporat ion is also unl ikel .y tg be ser iously in
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P R € D I C I € O  A I I U A L - I E A I  S U R F A C T

S A L I I I T Y
C l  ' 0 ' 5 1

r c t  L r r E  ( - 1 . 5 ' c )

SUTFAC€  S  FOT  TOIAL  O IYERSIO f

C l  .  0 . l r '

r c t  L t x E  ( _ t . 5 . c l

Surface sal ini ty (o/oo) for control
experiment (upper) and with tota-
diversion of indicated Soviet r ivers
( lower),  f rom experiment by Semtner
( 1 9 8 4 ) .

F igure  4 .
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O B S E R V E D
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Figure 5. Global distribution of annual mean rate of
runoff simulated by GFDL model (top) compared
with an observed distr ibut ion (bottom).
(From Manabe and Hol loway, 1975. )

error ,  being near to the potent ia l  most  of  the year .  Presumably the error
l ies in  the absence of  any representat ion of  the lag which must  resul t  f rom
the distance the water must travel from the region where the runoff is
generated to the mouth of the river where gauging occurs.

In the case of  the Mackenzie (F igure 7) ,  the tota l  runof f  is  again
quite well modelled, and the maxj-mum model runoff occurs in summer as
observed. There is a phase lag of about one month as one might expect from
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the previous discussion. However, the intensity of the peak is far too
great. lhis may be due to smoothing of the flow by storage in lakes and
swamps. It is interesting that the runoff from some Russian rivers displays
a much more peaked flow than from the Mackenzie (Figure 8). The model
simulates this much better, though the total flow is too large by nearly 50%.

The runoff of snowmelt is a difficult trnrameterization problem. It is
also iqrortant, as shown by a recent experiment with the MO model (Mitchell

and Warr i low, 1987),  in which the usual parameter izat ion of adding snowmelt  to
soil moisture was replaced by one allowing for the effects of frozen ground
act ing as a barr ier to inf i l t rat ion. A COz doubl ing experiment previously
nrn with the standard model was repeated; a common feature of such experiments
has been that the soil moisture deficits are increased in summer with
increased COz. Because the soil no longer reached saturation with the
revised parameterization, the model's memory of the increased fall rains vras
not lost as previously and though soil moj.sture declined faster through spring
and summer with increased COz, it stil l remained larger on average for most
of the sunmer.

5 . RT'NOFF IN OCEAN MODELS

The inclusion of runoff into the ocean in climate models has been
limited as yet. A recent GFDL model with an idealized geography (half land,
half ocean) included runoff from the eastern half of continents into the east
coastal  waters, and simi lar ly for the west.  In the Meteorological  Off ice, we
have been considering a realistic input for our climate model. Clearly, to do
the job at all requires a dataset of the ocean inflow point for each catch-
ment, while to do it properly, allowing for delays due to the time taken to
reach the ocean, is a significant task, both conceptually and in programming
and data organization terms.

6 .

( i )

STJMMARY

Models can use local runoff data averaged over a grid box to validate
and cat ibrate several  aspects of land surface parameter izat ions.
However, to do this properly requires extensive meteorological and
hydrological observations. The WCRP Hydrological-Atmospheric Pilot
Experiments ( t lAPH('s) have been designed with this object ive. Good
quality runoff data sets for specific regions/groups of grid boxes
should also be useful for such validation purposes. Ideally, a few
regions represent ing di f ferent cl imates should be analysed, e.9.,
temperate (some snoltr, unfrozen ground), continental (frozen soil in
winter), subtropical with dry season, tropical with large runoff.
Areas with minimal human interference are needed.

(ii) Data sets of runoff (monthly, annual means and measures of interannual
variability) are needed to provide global validation of climate models.

(ii i) Monthly data on runoff into the oceans are needed for validation of
coupled ocean-atmosphere climate models. These are also likely to be
required by ocean rnodellers, in the context of the g'Iorld Ocean
Circulation Experiment.
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Oct Dcc Fcb APr Jurl

Figure 8. Comparison of MO model runoff for region
50"N to north coast of Asia, 60"-105"8,
with observed data for Ob-Irtysh and
Yenisai  basins, f rom l , Iackay and Loken (1974).

The Global Energy and Water Cycle Experiment will also require global
runoff data to allow water budget calculations, etc.

The importance of estimating runoff realistically is clearly shown by
the COz experiments with modified representations of runoff from
snow melt .

(  i v )

( v )
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RESPONSIBILITIES AIVD FIJNCTIONS OF TTIE GLOBAL RUNOFF DATA CENTRE

1. GENERAL

1.1 The Global Runoff  Data Centre (GRDC), establ ished at the Federal
Inst i tute of Hydrology in Kob1enz, Federal  Republ ic of Germany, operates under
the auspices of the World Meteorological  Organizat ion (ViMO) for the benef i t  of
WMO Members and of the international scientific community. It provides a
mechanism for the international exchange of data pertaining to river flows and
surface water runoff on a continuous long-term basis.

L.2 Al l  data held by the GRDC wi l l  be made avai lable to al l  inst i tut ions
and scient ists,  upon wri t ten request or personal v is i t .  Charges may be made
to cover the costs of providing services to users. This charge may be waived
if  the individuaL or inst i tut ion is a contr ibutor to the GRDC.

1.3 The resources required to support  the act iv i t ies of the GRDC are the
responsibi l i ty of  the host country or inst i tut ion.

1.4 The co-ordinat ion of GRDC act iv i t ies within the host country is the
responsibi l i ty of  the Federal  Inst i tute of Hydrology.

1.5 I f  for some reason, the host country is unable at some stage to
cont inue these act iv i t ies and services, i t  wi l l  make i ts holdings, records and
associated computer software available to another GRDC to be designated by the
9{MO.

1.5 The GRDC receives data through the WMO from many sources. While every
attempt will be made to assure reasonable standards of data quality and
related documentat ion, ul t imate responsibi l i ty for data rel iabi l i ty l ies with
the data contributor and not with the GRDC.

I.7 The GRDC wi l l ,  in general ,  funct ion on the basis of pr inciples
enunciated i.n the "Guide to the !{orld Data Center System", Part 1, issued by
the Internat ional Counci l  of  Scient i f ic Unions (ICSU).

2. DATA

The GRDC will:

2.L Receive f low data for selected stat ions col lected by the ! ' i lMO from
Member countries.

2.2 Col lect,  with the assistance of the 9{MO, f low data from yearbooks and
from other sources, such as Unesco.

2.3 Establ ish a computer ized data base and control  the qual i ty of data by
agreed-upon procedures .

2.4 Refer al l  queries with respect to missing or incorrect data to the WMO
Secretar iat  who wi l l  then seek clar i f icat ion and conf irmation from
data  supp l ie rs .
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2.5 Provide for the storage and maintenance of dai ly and monthly f low data
in a compatible form and ensure that data copies are subject to
adequate standards of accuracy, c lar i ty and durabi l i ty.

2 .6  Prov ide  ( i )  spec i f i ca t ions  o f  the  da ta  re t r ieva l  serv ice ,  in
consultat ion with the WMO, ( i i )  data to users in formats agreed upon
wi th  the  9{MO,  and ( i i i )  fac i l i t i es  fo r  on- l ine  da ta  re t r ieva l ,  i f
poss ib le .

2.7 Supply data to the WMO Secretar iat  and the V{or1d Data Centres (WDCs)
for Meteorology.

3. OTHER INFORMATION

The GRDC wi l l :

3.1 Include in the data base al l  avai lable digi t ized catchrnent boundaries
fo r  a l l  s ta t ions .

3.2 Assist  the ViMO in def ining requirements for the col lect ion of f low
data from addit ional" stat ions, as needed.

3.3 Prepare annual global runoff  analyses and long-t ime series analyses.

4. COLLABORATION

The GRDC wi l l :

4.1 Col laborate wi th the l {MO in:

(i) Studying the adequacy of available data to provide global

coverage to satisfy the needs of the relevant WMO programmes,
such as the World Climate Programme, and the Hydrology and
Water Resources Programme;

( i i )  Prepar ing a deta i led programme of  act iv i t ies of  the GRDC, which
should be updated at appropriate intervals on the basis of
b i l a te ra l  d i scuss ions .

4.2 Co-operate with other governmental and non-governmental international
organizations such as Unesco and ICSU.

4.3 Col laborate wi th the WMO in developing a methodology for  t ransferr ing
runoff data to gri.d values.

4.4 Col laborate wi th the Globa1 Precip i ta t ion Cl imato logy Centre (GPCC),

so that  a co-ord inated approach can be taken,  where appropr iate,  wi th
respect  to  prec ip i ta t ion and runof f  data,  in  par t icu lar  as regards 4.3
above.

5. REPORTING

The GRDC wi ]1:

5.1 Produce year ly  s tatus repor ts  which should inc lude informat ion on the
fo l lowing:
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(i) progress of the Centre with respect to the development of the

data base and any subsequent updates/changes;

( i i )  Assessment of data coverage;

( i i i )  Descript ion of problems encountered with data handl ing (e.9.

miss ing  da ta) ;

( iv)  Indicat ion of possible discrepancies in data acquired from

different sources and actions taken to resolve them;

(v) Number of requests received for data.

S.Z provide for the distr ibut ion of the status reports (distr ibut ion l ist

to be determined in consultation with the WMO.

5.3 Nominate one person, who would be responsible for liaison with the WMO

and act ively part ic ipate in negot iat ions, as necessary, for acquir ing

flow data not available through normal WMO data collection channels.

5.4 participate in relevant workshops and studies organized by the WMO'

within WCP-Water and 9üCRP, for the purpose of assessing the quality

and quantity of runoff data required for various Purposes.
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THE GLOBAL RI'NOFF DATA CENTRE

Examples of \pical Computer Outputs
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Stream Flow Data
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STATToN AND CATCHMENT INFoRMATION (Option 7)

G L O B A L  R U N O F F  D A T A  C E N T R E  ( G R D C )

N a m e  o f  s t a t  i  o n
N a m e  o f  r i v e r
C o u n t r y
l . l f ' 10  bas in  no
L a t  i  t u d e
L  o n g  i  t u d e
C a t c h m e n t  a r e a  (  k m x x 2  )
S t a t i o n  e l e v a t i o n  ( m )
A c c u r a c y  o f  m e a s u r e m e n t
I n t e r n a l  s t a t i o n  n o
G R D C  s t a t i o n  n o
B e g i n  o f  o b s e r v a t i o n

N a m e  o f  s t a t i o n
N a m e  o f  r i v e r
C o u n t  r y
l 4 l , l 0  b a s i n  n o
L  a t  i  t u d e
L  o n g  i  t u d e
C a t c h m e n t  a r e a  (  k m x r ( Z  )
S t a t i  o n  e l e v a t i o n  ( m )
A c c u r a c y  o f  m e a s u r e m e n t
f n t e r n a l  s t a t i o n  n o
G R D C  s t a t i o n  n o
B e g i  n  o f  o b s e r v a t  i  o n

N a m e  o f  s t a t i o n
N a m e  o f  r i v e r
C o u n t  r y
I . , l F l 0  bas in  no
L a t  i  t u d e
L o n g i t u d e
C a t c h m e n t  a r e a  (  k m x x z  )
S t a t i o n  e l e v a t i o n  ( m )
A c c u r a c y  o f  n e a s u r e m e n t
f n t e r n a l  s t a t i o n  n o
G R D C  s t a t i o n  n o
B e g i  n  o f  o b s e r v a t  i  o n

N a m e  o f  s t a t i o n
N a m e  o f  r i v e r
C o u n t r y
l . l i l 0  b a s i n  n o
L a t  i  t u d e
L  o n 9  i  t u d e
C a t c h m e n t  a r e a  (  k m x x Z  )
S t a t  i  o n  e l  e v a t  i  o n  (  r n )
A c c u r a c y  o f  m e a s u r e m e n t
I  n t e r n a l  s t a t  i  o n  n o
G R D C  s t a t i o n  n o
B e g i  n  o f  o b s e r v a t  i  o n

l . lAD0l. l I  cE
SKAt.IA
P  O  L A N D

NOI.JY SACZ
D U N A J  E C
P  O  L A N D

P RZ EDBORZ
P I L I C A
P  O  L A N D

K RASNYSTAI.I
I . I I E P R Z
P O LAND

+ 4 ? 8 1
1 9 5 0 E

8 3 6 .
l t t

Î

0 2 8 4 0 0 4 0
6 0 2 1

+ q 9  6 2
2 0 6 8 E
434]-

z t 5

0 6 5 6  0  0  0 6
6 0 2 2

+ 5 0 9 8
2 3 1 7 E
3 0 0 1 .

I 7 3
B

1 8 4 8 0 0 1 7
6 0 2 3

+ 5 I 0 8
L 9 7  5 E
2 5 3 5  .

t E 7
FI

2 0 9 2 0 0 1 1
6 0 2 4
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CREATIONS OF DATA FILES (OPtiON 8)

D Y L  E S I  HT-J ORI S.t . IEERT
5 . 2 7 E  5 . 6 1 0 1 2 . 5 E E 1 9 . 1 9 7  E . 1 0 9  E . 5 4 6  9 . 0 3 E  E . 0 2 6  7 . 4 i t i 0 . 1 9 5  9 e e 9 .  x x x x
7  . c 5 5  6 . 2 0 6  6 . 6 1 !  E . 3 6 0 2 1 . 5 6 5 1 E . 2 4 2 L 4 . 2 0 3 1 1  . q 7 t  e . s i s - t . l t t  i s i c .  x x x x
E . E 5 5  E . 6 E 6  E . 6 4 5  E . 6 0 5  E . 4 e l  E . 2 q 4  E . 6 7 E  E . 7 3 {  E . 2 L 2  7 . 6 i 1  t - . 2 t i  t n i
7 . 0 2 E  6 . e l e  E . 3 ? l  e . E 0 0  e . 4 2 E  E . 5 3 t  7 . 8 2 7  7 . 5 e 1  7 . a i t  i . i ö a  s i i c .  x x x x
6 . e 6 0  6 . E E 7  6 . E z E  6 . 6 6 7  6 . 4 e e  6 . 3 2 5  6 . 2 6 7  6 . z r i  e . i l c ; : i ö i  i i i g .  x x x x
6 . 0 5 0  5 . e 6 q  6 . 0 2 0  5 . 9 2 0  5 . e 2 0  5 . 9 2 0  5 . 9 2 0  6 . 0 2 0  9 e e e .  9 i 9 i :  r i r s .  x x x x
6 . E 9 0  5 . 0 5 0  5 . 0 5 0  5 . 6 3 0  4 . 7 6 0  4 . 6 6 0  4 . 9 5 0  4 . E 5 0  6 . 4 0 o l i . z ö ö  i l g l .  x x x x

r 1 . 7 0 0  7 . 5 7 0  6 . 5 0 0 1 0 . 4 0 0  E . q 4 0  6 . q 0 0  6 . 4 0 0  6 . 2 1 0  6 . 6 0 0  t . a 1 s  9 9 9 9 .  X x x x
4 . 6 5 0  4 . E 5 0  5 . 0 5 0  5 . 1 3 2  5 . L 7 2  5 . 2 r 1  5 . 2 t 6  5 . 2 2 9  5 . 5 2 r  S . ! Z i  5 . 3 S S  X X X X
5 . 4 5 E  5 . 5 4 5  5 . ? 7 3  1 . E 5 1  4 . 3 q 4  5 . 9 1 5  1 . 2 $  ( + . 7 9 2  q . 7 6 5  q . g i s  i s i r .  x x x x
4 . 5 6 0  4 . 5 7 q  4 . 5 7 5  q . 5 7 c +  4 . 5 7 2  4 . 3 9 1  4 . 2 0 E  q . O E J  q . 1 1 3  4 . 1 9 1  9 9 9 9 .  x x x xq . 2 7 L  4 . 3 5 5  q . s 4 2  4 . 6 0 0  5 . 6 6 6  6 . 7 9 6  7 . 6 2 0  6 . 9 5 7  6 . I 0 t  5 . 6 2 i  9 9 9 9 .  X X X X
5 . 2 7 0  5 . 0 + E  5 . 1 q 5  5 . 3 e 6  5 . 5 3 2  5 . 2 6 5  4 . e s 7  5 . 1 0 1  6 . 6 5 e  6 . 7 0 t  e e e 9 .  x t x i
6 . L 9 2  5 . 6 9 4  5 . L 7 2  4 . 6 6 q  q . q z E  4 . 5 1 E  4 . 2 7 7  4 . 2 1 5  4 . 2 E 0  4 . 2 7 0  9 9 9 9 .  X X X i
4 . 3 7 0  5 . 7 2 0  5 . 5 3 0  5 . 5 3 0  5 . 2 C 0  5 . 1 4 0  4 . 7 q q  4 . 6 5 2  4 . 5 7 0  C . 4 S S  5 . E 6 5  X X X '
E . 1 { 4 1 0 . 3 5 7 1 2 . 6 0 5 1 4 . 5 t 2  7 . 6 2 E  5 . 5 q 2  5 . I E 0  4 . 7 9 4  1 . q 2 7  q . 0 9 3  9 9 9 9 .  X X X X
5 . E 0 E  5 . 7 E 9  3 . 7 7 4  3 . 7 1 4  3 . 6 2 2  5 . 2 6 5  2 . E 5 6  2 . 4 5 6  2 . 6 1 9  2 . 9 6 0  9 9 9 9 .  X X X X
5 . 3 0 9  3 . 5 0 2  3 . 4 4 E  3 . q 2 0  5 . 4 1 3  3 . 4 5 6  3 . 6 5 3  3 . 6 6 E  5 . E 2 9  4 . 1 5 5  r 9 9 9 .  X X X X( . 5 0 1  4 . E 2 9  5 . 0 9 0  5 . 2 1 r  5 . I 6 1  5 . 0 9 4  5 . 0 5 0  4 . 9 5 5  4 . 9 3 0  q . t z E  9 9 9 9 .  X X X X
4 . E 7 9  4 . E E O  ( + . 7 9 E  4 . 7 3 9  ( r . 7 3 9  4 . 3 0 2  3 . 6 0 3  3 . 7 9 i  s . 7 5 E  s . 7 2 6  9 9 9 9 .  x x x x
5 . 7 { E  3 . 7 7 7  3 . 7 0 1  3 . 6 7 3  3 . 9 4 4  3 . 7 E 1  3 . 7 7 1  3 . 7 5 E  3 . 7 2 9  3 . 6 ? 2  3 . 7 2 9  X X X X
5 . 5 3 E  7 . q 7 4  4 . E 7 6  4 . 0 5 7  5 . 9 7 6  5 . E 0 6  4 . E 0 9  4 . 1 0 7  3 . 6 3 3  3 . 9 9 9  9 9 9 9 .  X X X X
4 . t 7 2  3 . 9 0 2  3 . E 6 t  3 . 6 6 5  3 . 7 2 1  3 . 5 9 3  3 . 6 0 7  3 . 5 4 2  3 . 4 E r  5 . 2 9 E  9 9 9 9 .  X X X X
4 . 6 I 1  3 . 7 4 6  3 . 6 4 t  3 . ( 0 6  3 . 6 3 7  5 . 5 6 6  3 . q 6 0  5 . 5 3 0  5 . 5 0 {  3 . 4 1 9  5 . 3 6 4  X X X X
5 . 3 E 3  3 . 1 E 9  3 . 7 3 9  3 . 3 3 9  3 . 3 4 6  3 . 2 5 2  3 . 2 2 9  3 . 3 4 7  3 . 5 E 2  3 . 4 7 1  9 9 9 9 .  X X X X
3 . 3 5 2  3 . 5 3 6  3 . 9 2 9  { . 5 6 0  5 . 0 5 0  4 . 3 9 1  3 . 7 9 5  3 . 7 S 9  4 . q 4 0  7 . L 6 2  9 9 9 9 .  X X X X
E . 7 6 5  6 . 2 5 2  5 . 2 1 1  4 . 3 5 0  4 . I 9 7  4 . 1 1 6  4 . 0 I 9  s . E 0 5  s ; E t l  J . E t 6  9 9 9 9 .  x x x x
3 . E 5 5  3 . E 3 E  4 . 4 5 2  4 . 0 7 6  3 . 7 E 5  4 . E E o  7 . 2 t 9  4 . E 0 0  { . 4 E 7  5 . t 7 7  9 9 9 9 .  X X X X
6 . 3 2 2  5 . 2 E 3  5 . 6 1 3  4 . 6 4 2  5 . 2 3 E  5 . 2 6 7  4 . 4 6 9  6 . E q a  5 . 2 0 6  9 . E 0 3  9 9 9 9 .  X X X X
9 . 4 3 1  6 . 2 9 3  E . 3 3 2  6 . 1 1 5  5 . 7 3 7  E . l q E  7 . 6 1 9  5 . E I 9  E . ( l O  S . 7 6 6  7 . 9 7 E  X X X X
7 . 1 3 4  6 . 5 5 2  5 . 9 q 2  5 . 5 q 6  5 . 5 7 3  5 . 2 6 2  4 . 9 0 7  4 . 7 E 7  4 . 4 1 9  { . 6 4 1  9 9 9 9 .  X X X X
4 . E 9 2  4 . 9 7 9  4 . 7 7 2  q . 6 6 0  4 . 6 6 0  4 . 5 6 0  4 . E ? t  4 . 7 1 4  7 . 9 2 L  6 . 0 3 7  9 9 9 9 .  X X X X
6 . 3 3 E  6 . 3 1 1  5 . 5 9 3  5 . 6 6 6  5 . 0 5 3  4 . E 3 1  6 . 7 6 0 1 1 . 3 9 1 1 1 . 2 0 2 L 0 . 9 5 5  9 9 9 9 .  X X X X
5 . ? i 2  E . E 9 E  7 . 1 3 9  E . E 4 2 1 2 . 9 7 5 1 1 . 6 7 3 1 1 . 3 9 9 1 4 . 5 0 3 1 4 . 3 1 7  9 . 6 E 3  9 9 9 9 .  X X X X

I  1 . 2 { 7 1 1 . 6 9 9  E . 5 2 5  9 . 4 6 5 1 5 . 3 7 1 1 0 . 1 1 1  7 . 4 2 7  6 . 6 0 3  6 . L 7 2  5 . S 1 5  9 9 9 9 .  X X X X
6 . 0 6 2  5 . 2 1 0  6 . 3 1 0  6 . 2 1 0  6 . r l E  5 . E 7 5  5 . 7 5 E  5 . 5 7 5  6 . 9 0 t  7 . S 9 7 1 3 . 2 3 5  X X X X

I  t 1 9 E 1
2  l t 9 E l
5  I 1 9 E  i
1  2 1 9 6 1
z 2 l9EL
3  2 1 9 E 1
I  3 1 9 E r
2  3 1 9 6  t
5  5 1 9 6 1
I  C l 9 E l
2  4 1 9 E I
3  4 1 9 6 1
1  5 1 9 E 1
2  5 1  9 6 1
3  5 1 9 E  I
1  6 I 9 E  I
2  6 I 9 E t
3  6 1 9 E 1
I  7 1 9 E 1
2  7 1 9 E 1
3  7 1 9 E 1
I  E I 9 E I
2  E l 9 E 1
5  E 1 9 E I
I  9 1 9 E 1
2  9 I 9 E  I
3  9 1 9 E 1
1 1  0 1  9 6 1
2 1 0 1 9 6 I
3 1 0 l 9 E I
1 l 1 t  9 6 1
2 t 1 1 9 E I
3 r I 1 9 E 1
r t 2 1  9 6 r
2 1 2 1 9 E 1
3 1 2 1 9 E 1

DAILY FLO!'IS

D A N U E E  O R S O Y A
1 e 6 1 r 5 5 4 0 . 0 ; 1 ! t 9 . 0 q 7 6 0 . 0 4 6 5 0 . 0 5 E 4 0 . 0 6 5 4 0 . 0 4 1 4 0 . 0 3 3 6 0 . 0 2 5 3 0 . 0 2 1 2 0 . 0 3 6 9 0 . 0 p 6 2 0 . 0 X X X X
L 9 6 Z q E 7  0 . 0 , 5 3 1 0 . 0 7 6 0 0 . 0 1 2 1 4 0 . 9 1 5 0 . 0 6 6 0 0 . 0 5 6 5 0 . 0 3 7 ( 0 . 0 2 5 5 0 . 0 2 1 0 0 . 0 3 2 2 0 . 0 3 4 6 0 . 0 X X X X
1 e  6  3 4 4 0  0  , 0 1 4 7 2 0 . 0 7 1 5 0 . 0 9 0 5 0 .  0 6 3 9 0 . 0 5 1 E 0 . 0 4 1 6  0 . 0 2 2 7 0 . 0 4 1 1 0 . 0 3 4 9 0 . 0 3 0 6  0 . 0 1 3 6 5 0 . 0 x x x x
t 9 6 q , 2 3 5 0 . 0 i 3 0 3 0 . 0 4 8 5 0 . 0 7 E 9 0 . 0 6 3 4 0 . 0 4 5 2 0 . 0 4 3 9 0 . 0 3 1 7 0 . 0 2 9 6 0 . 0 ( 3 7 0 . 0 7 2 2 0 . 0 , 6 S 7 0 . 0 X X x X
1 9 6 5 6 2 E 0 . 0 5 9 6 0 . 0 6 6 7 0 . 0 6 E 0 0 . 0 1 1 0 0 0 . L 2 2 0 0 . 1 0 3 6 0 . 6 1 9 0 . 0 5 0 6 0 . 0 3 E 4 0 . 0 3 1 9 0 . 0 7 0 I 0 . o X X X X
1 9 6 6 : 5 5 7 0 . 0 3 2 E 0 . 0 E 3 0 0 . 0 7 I 9 0 . 0 7 5 7 0 . 0 6 2 E 0 . 0 6 3 1 0 . 0 7 2 2 9 . 0 6 9 I 0 . 0 3 4 5 0 . 0 5 5 7  0 . 0 8 1 , 0 0 . 0 x X X x
1 9 6 7 ' 6 1 9 0 . 0 6 3 3 4 . 0 6 3 6 E . 0 1 0 7 5 E . 9 7 3 2 . 0 E 0 6 5 . 0 6 0 1 2 . 0 5 6 E 5 . 0 5 5 2 0 . 0 3 1 5 6 . 0 2 E 4 5 . 0 r 3 0 6 7 . 0 x x x x
1 9 6 E 5 7 E 5 . 0 6 ( + 5 2 . 0 6 2 7 7 . 0 6 4 5 6 . 0 4 E 6 7 . 0 q 9 3 0 . 0 3 6 5 2 . 0 1 6 5 2 . 0 4 7 1 6  . 0 5 2 5 1 . 0 4 I 0 { . 0 ; 4 6 9 5 . 0 x x x x
l 9  6 9 5 E 0 0 . 0 5 S 0 0 . 0 6 6  9 0 . 0 7 2 7  0 . 0 6 E 2 0 . 0 6 ( 3 0 . 0 5 6 6 0 . 0 3 4 i 0 . 0 4 E 1 0 . 0 2 6 1 0 . 0 2 5 3 0 . o i q 7 6 0 . o X X X X
1 9 7 0 , 6 7 2 0 . 0 p 7 4 0 . 0 9 5 0 0 . 0 1 2 5 6 0 . I 2 6 0 0 . 1 1 4 6 0 . E 1 5 0 . 0 6 3 { 0 . 0 5 3 0 0 . 0 3 6 0 0 . A 4 2 0 0 . 0 i 4 4 5 0 . 0 X X X X
Y r a r  I  J o n .  |  . . .  . . .  I  D e . .  I

MONTHLY FLO!{S



APPENDIX F

TTM HYDROLOGIC GEOGRAPHIC INFORMATION SYSTEM IN FINLAI{D

By Y. Sucksdorff

1 . IITTRODUCTION

A computer-based hydrologic geographic information system (GIS) has
been developed at the National Board of 9ilaters and the Environment (NBWE) in
Finland. This system is one part of an environmental data system which
contains alI registers used in NBllE. The information system contains
hydrological ,  water qual i ty,  some meteorological ,  land use, planning and
management data from waters, vratercourses and drainage basins. It is also
compatible with di f ferent environmental  f i le systems, provided that these
include geographical co-ordinates or drainage basin numbers as co-ordinating
ent i t ies .

2 . Gts{ERAL DESCRTPTION OF THE SYSTEM

The main prograrnme for the hydrologic GIS system is ca11ed the Finnish
Geographic Information System (FINGIS), which is a software programme for the
management of numerical spatial data developed in the National Board of Survey
in Finland. The ent ire GIS system wi l l  consist  of  several  databases, each
having several levels, as sho!ün in Figure 1. Some of the databases, covering
al l  of  Finland, are very large and, thus, have been divided into smal ler
databases bordering each other.  I t  is possible to combine the smal ler data-
bases or to use 2-4 databases at the same t ime. I t  is also possible to
combine data digi t ized from maps having di f ferent scales, but i t  is the
original  scale which determines the accuracy of the database. Wide use of the
system is expected since basic data for hydrological  models can be obtained,
changes in the environment can be monitored and thematical maps can be
produced.

3 . THE GIS PROGRA}O,IE (FINGIS) USED IN THE SYSTEM

FINGIS is
nunerical  spat ial
permi ts :

a geographic information system for the management of
data. The system suppl ies the spat ial  information which

formation of polygons from line data,
preparation of inventories of the current situation,
col lect ion of thematic information,
overlaying of planning data on the current situation, and
generalization of the data to a convenient mapping scale.

The user manages the system through interfacing software, which takes care of
data input and output, generates graphic symbolisms for map data, drives
peripheral units and works interactive graphics. The database management
system supports database f i les, s i tuat ion indexes and database dict ionaries.
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The subsystems of FINGIS (Figure 2) are:

(i) Data_iqput: Numerical spatial data can be input to the
database by digi t iz ing or convert ing geographic data f i les from
other systems. The digi t iz ing unit  is a digi t iz ing table, a
stereo plotter or a scanner.  Interact ive and non-interact ive
digi t iz ing, and the transferr ing of geographic data f i les from
other systems can be accomplished. Raster (satel l i te) data can
be read in and vector ized.

(ii) !pga!ing_o! data: The system updates the database in real time
at a graphics workstation. All updates can be seen on the
monitor.

( i i i )  Analysis:  The geographic database system provides al l  k inds of
data manipulation: data overlay, data inventory and data
sefect ion. The system automatical ly calculates areas and
perimeters of polygons, lengths, numbers of objects,  volumes
e t c .

(iv) Data_display_and_outpul: The data are output in graphic
displays, alphanumeric l ists and f i les and standard digi tal
f i les. The software has been programmed using Fortran 77 in a
VN(/V|{S system. Peripheral hardware for graphics operation is
s t i l l  requ i red .

'  I t L D
rrtAsuRt ut xts
DIG IT IZ :RS
M^6X[l lc t lPC3

DrGt r lz  Er3
AXD
lE lurx  !3

t ^ r r  F  M IP
I PUL rl |or.r- corrB lx^t rONs

Figure 2. The main functions of the FlNGlS-progranme.

Ttrc
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4. DRAINAGE BASIN DIV]DES AI{D OBSERVATION POINTS

Finland is div ided into 74 main drainage basins and these are further
divided into 7,700 sub-basins, with a mean area of about 30 kn2. The divides
of the drainage basins are drawn onto maps having a scale of 1:50,000, with
the aid of contour l ines and f low direct ions. A f ive-digi t  hierarchic number
is assigned to each sub-basin and the out lets of each are also marked on the
maps. AI l  of  these are digi t ized for al l  of  Finland. Figure 3 shows an
example of a drainage basin map with some addit ional hydrological  observat ion
point data. These are col lected from the environmental  data system with the
aid of a l ink between the GlS-system and the observat j-on register-system in
the NB[,18, which uses a progranune ca]Ied INGRES. In order to make the drainage
basin register as compact as possible, extra digi t ized points of drainage
divides are f i l tered. The number of points is reduced from 9.2 points/km Lo
2.5 points/km, on an average, when a tolerance of 50 m is used. This was also
the  tes ted  d ig i t i z ing  accuracy ,  when 1 :50 ,000 maps were  used.

3 5 . 9 7 3 5 -

3 5 . 9 7 2 3 5 . 9 7 3
5

r
35

. 1 2 0 1 . 1 9e
3 5 . 9 2 3

35 .s35  f
. 1 2 0 3 . 4

0  1  ?  3  L  5km

.-,a 3s-:31

Figure 3. An example of a drainage basin map with some
addit ional data. Explanat ionsi  a;  out let
o f  a  d ra inage bas in ;  35 .977,  a  h ie rarch ic
number ( for each sub-basinl ;  492 a, a water
Leve l  s ta t ion  and i t s  number ;  11203.4 ,
a meteorological  stat ion, i ls number and type.

5. BASIN CTTARACTERISTICS FROM SATELLITE IMAGES

Dur ing  1988 -1990 ,  bas in  cha rac te r i s t i cs ,  such  as  cu l t i va ted  l ands ,
bogs,  lakes,  forests,  forest  types and the amounts of  growing stock,  wi l l  be



APPENDIX F, P. 5

interpreted for all of Finland from Landsat TM images. This work will be done

in coloperation with the NBWE, the Nalional Board of Survey and two other

pqbl ic inst i tut ions in Fin1and. The total  number of interpreted classes wi l l

be about 50. A detai led descript ion of the interpret ing procedure can be

found in Kuit t inen and Sucksdorf f  (1987).

The interpreted satel l i te images ( in raster fonn) are combined with

FINGIS vector data, and inventories inside different areas can be made' as

shown in Table 1. Raster images can also be vectorized, so that they can be

stored as an ordinary FINGIS f i le.

Table 1. An example of satel l i te inventory. Land-use
classes are interpreted from a SPOT image' the
results are read by the FlNGlS-progralnme, the
area of each land-use class inside a drainage
basin (number 35.977 ) is calculated from the
amount of pixels and the result is printed-

* a r a a a t t a a t t t t t t t t t t t a t t t t ! l t a a t t t t t t a

r r  POLYGONz 33.9?7 ÄREA ( l ' l -2  ) :  10377580.855
t t  t t t t t a t a t t t t t t t t t t  t t t t t l t t a l  t t t t t r  t l

CODE: 2.7 AREA:
CODE: 248 AREI:
COSE:  245 AREÄ:
ioos :  246 AREA:
CODE:  251 AREA:
CODE: 250 AREA:
CODE: 2{9 AREA:
CODE: 24{ AREA:
CODE!  252 ARE^:
CODE! 2.3 AREA:

rrr ?oTAL ARE .

CODES
232
251
250
249
218

I t l t c r  217
Cul t l v l t cd  l snd  216
Deglduou. t teei 215
Hl r .d  fo rc t t  244
Ptnc-öont lna tcd  fo rcs t  243

Sprucc-dornlrrrted f orest
c lear  cu t t lng !
Opc.n bog
Opcn rr€r
Peat lsnd

9 1 0 2 8 2 .
r 7 0 5 6 3 1 .

2  1  3 3 7 5 .
3 2 3 7 7 5 .

1321694.
I  6 3 9 { 0 { .

3 8 { 1 3 t . .
2 8 0 5 6 6 .
3 4 9 9 9 3 .

3 4 9 { 1 .

I  0 3  6 6 7 9 3 .

6. HEIGHT AbID SLOPE OF TTIE RIVER BASINS

Two digital models lrere used to calculate the average height and slope

of river basins. The first model was digitized from maps having a scale of
1:10,000 and a vert ical  distance between contour l ines of 2.5 m. The model
was then applied to a grid net having a horizontal distance between height
points of 100 rn. The corresponding values for the second model are: scale
1:200,000, vert ical  distance between contour l ines 20 m and horizontal
distance between height points 200 m. The models etere tested in seven river

basins with areas främ ft knt to 40 knz. The difference in the average height

of a river basin between the two models was 1.7 m and the standard deviation
was 1.5 m. The slope of a r iver basin was calculated from the distance
weighted mean of the slopes from every divide point to the outlet point. The

dif ferences between slope values of the two models var ied in three areas from

8 to 13%. When al l  points were used, the di f ferences l^Iere somewhat smal ler.
In conclusion, both models are accurate enough to calculate the average height

or mean slope for river basins having an area over 10 krn2.
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7. OTHER NTJMERICAL SPATIAL DATA USED

In addit ion to the previously mentioned databases, some addit ional
data are or wi l l  be connected to the system in the near future. These are
admin is t ra t i ve  borders  ( f rom maps o f  sca le  1 :200,000)  g r id  ne tworks  ( th is
means a programme which generates di f ferent gr ids; for instance di f ferent map
grids or co-ordinate l ines used in Finland could be produced),  roads
(1 :200,000)  and shore l ines  ( Iakes ,  r i vers  and d i tches  scanned f rom maps
1:10 ,000) .  In  add i t ion  to  the  above rnent ioned reg is te rs ,  there  are ,  in
Finland, over 200 computer-based registers which consist  of  spat ial  data and
are maintained in other organizat ions of the publ ic administrat ion. In order
to heighten the effect iveness of data use and to rat ional ize data product ion,
an attempt has been made to create a system for spatial data exchange in
Finland. The test period for this system began in 1988 and the NBWE is among
i ts  f i rs t  users  w i th  the  r i ver  bas in  req is te r .

8. REQUTREMENTS FOR A HYDROLOGTC CrS-SVSrelt

( i )  The system must be easy to use, otherwise i t  requires too many
personnel to run i t .  Most large systems need ( in spi te of
user-fr iendly connect ions) at least L-2 experts to run them
ef fec t ive ly .

(ii) The system must be ready to use. Further prograrnme development
always takes more time and money.

( i i i )  Good peripheral  hardware is needed.

( iv) The system must be able to easi ly use use di f ferent co-
ordinate-systems.

(v) The system must be able to easi ly use or produce data from
other GlS-systems.

(vi)  The simultaneous use of raster ( for instance, interpreted
satel l i te images) and vector data must be possible.

(vi i )  Three-dimensional calculat ions must be possible.

(vi i i )  Al l  other "normal" GlS-funct ions (data combinat ions,
inventor ies, isol ine-generat ion, drawing rout ines etc.  )  must be
poss ib le .

( ix) Interact ive work must be possible, also without a digi t izer
(for instance manual drawing and correction of isolines on the
screen having some basic map data and hydrological point data
o n  i t ) .

(x) A connect ion to data registers is often necessary.
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Rappe lons  que l 'ö tude gön6ra le  men6e par  le  g roupe d 'e tude HApEX
MOBILHY a  pour  obJec t l f  de  cont rö le r  Ie  b i lan  hydr ique reg iona l  e t  d 'es t imer  le
f lu .x  d 'övapora t lon  ln te rvenant  comme te rme du b i lan  er r  eau d 'un  cube a tmo-
s p h ö r l q u e  d e  l O O x l O O x S  k m  s u r  I ' e m p r i s e  d e  l a  z o n e  d ' e t u d e  ( a p p e l e e  M I O O ,
comme mal l le  de  loo  kmx l00  km de cö t6) ,  s i tu6e dar rs  le  sud-oues t  r le  la
France ( f ig . l  ) .

Not re  obJec t l f  par t i cu l le r  es t  d 'eva luer ,  sur  des  pas  de  temps s 'ö t ,endant
de  la  Journ6e ä  une duröe max imale  de  go  Jours ,  les  6changes d 'eau ä
l ' in te r face  so l -a tmosphöre ,  c 'es t -ä -d i re  les  f lux  d '6vapot ransp i ra t ion ,  com-
pat lb les  avec  les  appor ts  p luv lom6t r iques  observes ,  les  öcou lements  obser r 'ös
dans les  cour6  d 'eau e t  les  n iveaux  d 'eau observ6s  dans  les  nappes tou t  en
respeetan t  les  6 ta ts  moyens d 'humid i t6  d 'eau dans  les  d lvers  so ls  cons t i tuant
la zone.

Pour  a t te indre  ce t  ob jec t i f  e t  p rendre  en  compt ,e  auss i  b ien  les  var ia -
t lons  spat la les  que tempore l les  des  en t r6es ,  nous  avons  cho is i  le  modö le  cou-
p le ' ,  c 'es t -ä -d l re  un  modÖle  ä  d isc r6 t l sa t ion  spat ia le  coup lan t  les  6cou lements
de sur face  e t  les  6cou lements  souter ra ins  e t  leur  in te rac t ion .  Ce modö le  a
permls  de  rda l i ser  ce t te  6va lua t ion  e t  de  su iv re  la  dynamlque de  I 'eau  dans
les  bass ins  versants  cons t i tuant  ce t te  zone,  tou t  en  ch i f f ran t  l ' 6vb lu t i c ln  des
f luc tua t ions  moyennes des  r6serves  en  eau.

r. RAPPELS SUR LA MODELISATION

Le modö le  coup lö  s 'a r t i cu le  i c i  sur  t , ro is  par t ies  p r lnc ipa les  concernanL:

la  d6f ln i t lon de la  s t ructure avec son reseau hydro logique cornpos6
du domaine superf iciel avec son r6seau hydrographique et du do-
malne souterra in ,  avec I 'extens ion de la  ou des cour :hes perm6ables
qui  le  const l tuent ;
le  b i lan hydr ique sur  chaque 6 löment  de sur face au pas de temps
Journal ler  se lon Ie  ry thme des pr6c lp i ta t ions,  de I 'övapotranspl rat ion
potent ie l le .  des caract6r is t lques de la  v696tat ion et  la  16par t i t ion
entre ru lssel lement  (d i rect  e t  re tard6)  et  in f i l t ra t ion ä la  nappe se-
lon les caract6r ls t lques du sous-sol ;

' d6ve lopp6 con jo in tement  par  l .e  Cent re  d ' In fo rmat ique Geo log ique de
I 'Eco le  des  Mines  de  Par ls ,  I 'ORSTOM et  I ' INRS-Eau du  Qu6bec.
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les trensferts co\ iolnts,  superf ic iels et soutemains et les öcl tanS,cs

ent re  ces  {cou lements  avec  pr ise  en  compte  des  carac t6r is t lques

hydrodynamlques  du  mi l ieu  souter ra in ,  des  pr6 lÖvements  d 'eau auss l

b ien  sur  le  domaine  super f l c ie l  que dans  le  domaine  soutena ln  (ä

des t ina t ion  de  I ' i r r iga t ion  de  I 'a l iment ,a t ion  humaine ,  indus t r le l le  de

.  I 'eau)  e t  des  t rans fer ts  a r t i f i c ie ls  d 'eau en t re  bass ins  versants .

N o u s  a v o n s  a d m l s .  p o u r  l a  p 6 r i o d e  d ' u t i l i s a t i o n  d u  m o d ö l e  ( 1 9 7 4 - 1 9 8 6 ) .

des  carac tär is t lques  phys iograph iques  de  la  zone d 'e tude i r rchang6es e t '  par

cont re .  une 6vo lu t lon  de  I 'u t i l i sa t ion  de  I 'eau  dans  le  temps c ( )mme dans

I 'espace.

2. LA GEOI{ETRIE DU MODELE

Lors  de  la  mise  en  oeuvre  du  modö le ,  le  surd6coupage des  mai l les

c a r r 6 e s  d e  S x 5  k m  d e  c ö t 6  e n  m a i l l e s  d e  2 , 5 x 2 . 5  k m  e t  e n  m a i l l e s  d e  l ' 2 5 x 1 , 2 5

km de cö t6 ,  le  long de  nombreux  a f f luen ts ,  s 'es t  impos6 pour  repr6senter  p lus

conectement  la  fo rme f i l i fo rme des  sous-bass ins  versants  d ra inant  les  cö teaux

gerso ls  ( f lg .2 ) .

par  a i l leurs ,  la  p r {sence de  la  nappe d 'eau des  Sab les  des  Landes a

rendu ob l lga to i re  l ' ex tens ion  de  la  eouche souter ra ine  repr6sentan t  ce t  aqu i -

fö re  dans  les  par t ies  nord-nord-oues t  de  la  ma i l le  \ t l00  (car re  d 'ö tude de

l o o x l o O  k m ) .  d e  m a n i ö r e  ä  p r 6 c i s e r  l e s  ö c o u l e m e n t s  a u x  l i m i t e s  d e  c e t t e  m a i l l e

M l 0 0  ( f i e . 3 ) .

Les  en t röes  super f i c ie l les  d 'eau provenant  de  d i f f6 ren ts  sous-bass lns

versants  sur  les  par t les  sud e t  sud-es t  de  ce t te  rna i l le  on t  e tÖ s imu lees  en

l ,absenee de  mesures ,  ce  qu i  a  nöcess i tö  une ex tens ion  du  mai l lage  super f i c ie l

vers  I 'amont .

A f in  de  se  d ispenser  d 'avo i r  ä  u t i l i se r  un  modä le  < le  fon te  de  ne ige  s t t r

ce t te  ma i l le  MlO0,  les  appor ts  d 'eau par  l 'Adour ,  au  sud de  ce t te  ma i l le ,  se-

ron t  cons id6r6s  comme des  en t r6es  b ien  dö f in ies  par  la  s ta t ion  hydrom6t r ique

d'Est irac.

En ce qui concerne le domaine souterrain, seul l 'aqulfÖre des Sables des

Landes a 6t6 pr ls  en compte.  I l  couvre envi ron 45% de la  par t ie  nord-nord-

ouest de la mall le d'Ötude.

Les nombreux autres aqulföres, plus profonds, n'ont pas 6td mod6lisÖs

car  une ötude antör leure.  fa l te  en 1974-1978,  considörant  I 'ensemble des

aqul föres du bass ln aqul ta in .  a  montrö qu 'un maximum de lO% du döbi t

d 'a l lmentat lon de la  nappe des Sables pouvai t  t rans i ter  par  les aqul fÖres

profonds.
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3. LES ENTREES/SORTIES DU MODELE ET LE CALAGE

Les seu les  en t röes  du  modö le  sont :

les  p r6c lp l ta t lons  Journa l iö res  mesur6es  par  le  röseau d 'obser t 'a t ion  de  la

M6töoro log ie  Nat iona le  (pos tes  c l imat ,o log iques  e t  pos tes  p luv iom6t r iques

bönövo les)  en  un  cer ta in  nombre  de  po in ts ,  var iab le  chaque annöe,  e t  compr is

ent re  70  e t  106 (y  compr ls  les  pos tes  en  deqä des  l im i tes  de  la  zone

d ' ö t u d e ) ;

les  övapora t ions  po ten t ie l les  d6cada i res  Penman ca lcu l6es  par  ce  m€me ser -

v ice  en '7  ä  I  s ta t ions  ( f ig .4 ) .

Les sort ies du modöle sont:

les d6blts calcul6s aux exutoires naturels des bassins
placements des stations hydrom6triques, pour des pas

mois ä un Jour  ( f le .5) ;

les n lveaux ca lcu l6s de la  nappe en un cer ta in  nombre

versants et aux em-

de temps al lant du

de po in ts .

Pour permettre l 'exploi tat ion du modöle en phase de calage et pour

6v i te r  tou te  confus ion .  i l  es t  c la i r  que ces  donn6es c l imato log iques  d 'en t ree  du

modö le  sont  lnd lspensab les  ä  son fonc t lonnement  e t  que les  donnÖes de  sor t ie

permettent d 'assurer le r6glage des paramÖtres du modöle darts la phase de

mise  au  po in t .

En phase de  pr6v is ion ,  seu les  les  donnees d 'en t röe  sont  necessa i res .

I l  ex ls te  öga lement  pour  ee  type  d '6 tude des  donn6es impor tan tes  e t

lnd ispensab les  au  fonc t , lonnement  du  modö le ,  d l tes  donn6es de  fonc t ionnement , .

Ce sont ,  Ies  conna issances  exac tes  dans  le  temps e t  dans  I 'espace des  d iverses

ut i l i sa t ions  de  l 'eau  ( l r r iga t ion .  a l imenta t ion  en  eau po tab le  ou  en  eau indus-

t r le l le ) ,  les  t rans fer ts  d 'eau,  les  re je ts ,  les  p r6 lÖvements  dans  les  nappes '

e tc . . .  Pour  no t , re  cas ,  les  en t r6es  d 'eau super f i c ie l les  au  sud de  la  ma i l le

(Adour  ä  Es t i rac  e t  cana l  du  Bouös)  sont  ind ispensab les  pour  la  modÖl isa t ion

des  d6b i ts  le  long de  I 'Adour  e t  du  Bouös.

En dehors de ces Eort , les et de toutes les indieat lons fournies sur le

d6rou lement  de  la  s lmu la t ion ,  l l  es t  a is6  d 'ex t ra l re  des  donn6es Öva luäes  lo rs

des  ca lcu ls  concernant  par  exemple  l '6vo lu t lon  de  la  rÖserve  en  eau du  rö -

servo l r  so l  sur  chacune des  rna i l les  6 l6menta i res .  A ins i ,  on  a  pu  eva luer  s t l r

des mai l les carröes de l0xl0 km les divers termes du bl lan h) 'dr lque au cours

du calcul  Journal ler.
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La phase ca lage du  modö le  cons ls te  ä  comparer  les  d6b l ts  ca lcu lös  aux

d6b l ts  observös  e t  la  p i6zom6t r ie  ca lcu löe  ä  la  p i6zom6t r ie  observee e t  ä

qluster les paramötres des fonct lons product ions (zone de m6mes caractör is-

t lques  phys iograph iques  so l  e t  sous-so l )  de  man iöre  ä  amäl io rer  les  räsu l ta ts

spat iaux  e t  tempore ls  de  la  mod6 l isa t lon .  (Ces  zones  zones  sont  dö f in ies  sur  Ia

f i e . 6 ) .

S igna lons  que la  dur6e  du  temps de  ca lage es t  fo r tement  in f luenc6e par

le  nombre  d 'anomal ies  contenues dans  les  donn6es d 'observa t ions  hydro log iques

et  m6t6oro log iques .  Nous avons  cons ta t6  que les  donn6es m6t6oro log iques

pr fsenta len t  t rös  peu d 'anomal ies  compara t ivement  aux  donn6es hydro log iques .

e t  nous  avons  dü  met t re  en  €v idence les  p lus  g rosses  d 'en t re  e l les  a f in

d 'ob ten l r  un  mei l leur  aJus tement ,  des  paramöt res  du  modÖle  en  u t i l i san t  les

p f r lodes  hors  anomal ies  dö tec t6es  de  tou t ,es  les  s ta t , ions  hydrom6t r iques  de  la

p6r lode I974-1982.

4. LES UTILISATIONS SUCCBSSIVES DU IIODELE

Les
slmulation

paramötres du modöIe alnsi  cal6s ont permis d'ut i l iser le modöle en

pour les p6riodes suceessives sulvantes:

1983-84 (s imu la t ion  appe l6e  SIM 83-8d)
1985 (simulat ion appel6e SII \{  85)
r986 (s imu la t ion  appe löe  SIM 86) .

L 'exp lo i ta t ion  du  modÖle ,  pour  la  pör iode 1983-19s4 (S IM 83-8 .1) ,  impose

deux cond i t ions  essent le l les :

s 'af f ranchl r  des condi t ions ln l t ia les de rempl issage des rÖserves en

eau du so l  en assurant  la  s imulat ion des b i lans hydr iques sur  I 'annöe
pröc6dant  imm6diatement  la  p6r iode d 'explo i ta t ion drr  modöle.  Le

f ich ler  des donn6es d 'ent ree des pröc ip i ta t ions et  des ö\ 'a-
potranspi rat ions doi t  ö t re 6 laborö sur  les annöes 1982-198: ]  e t  198{ .

Le changement du nombre et de la localisation des postes

d 'observat ions p luv iom6tr lques entre I  982 et  la  p6r iode 1983-  198,{

oblige ä falre quelques approximations dues au.x diff6rentes affecta-

t ions des postes aux mail les de la couche de surface;

m6morlser l '6tat de la nappe (nlveau d'eau au 3l D6cembre de I 'annäe

1982)  lors  de la  s lmulat ion de ca lage 1974-1982,  de maniÖre ä
pouvolr init lal lser les calculs sur la p6rlode ultÖrieure.

Une tel le proc6dure a 6t6 employ6e pour les deux autres pÖriodes

successlves:

1985 ,  avec  un  f i c t r i e r  1984-1985 ,
1986 .  avec  un  f i ch ie r  1985-1986 .
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L 'avantage de  ce t te  p rocödure  es t  de  pouvo i r  u t i l i se r  le  max imum
d' informations pluvlom6tr iques au cours des pöriodes successlves et de mieux
en appr6hender  la  var iab i l i tö  spat la le  en  fa lsan t  övo luer ,  au  cours  du  remps,

le  nombre  e t  I 'emplacement  des  pos tes  p luv iomöt r iques .

Remarquons que,  sans  avo i r  recours  ä  une recons t i tu t lon  du  champ
pluv iom6t r ique ä  chaque pas  de  temps comme dans un  modö le  hydro log ique de
pr6v ls lon  de  c rue ,  le  modÖle  u t i l i se  p rend tou t ,e fo is  en  compte  une d is t r i tu t ion

spat ia le  assez  f ine  des  pröc ip i ta t ions  journa l iö res  ( f le .7 ) .

l a  s i m u l a t l o n  d e  l a  p 6 r i o d e  1 9 8 3 - 1 9 8 4  ( S I M  8 3 - 8 J )  a  e t . ö  c o n s i d f r e e

comme une vör i f i ca t lon  du  modÖle  coup l6  ca lä  sur  la  p6r iode 1974-1982,  e t

nous  avons  vu  que les  r6su l ta ts  ob tenus ,  m6me sur  des  s ta t ions

hydromöt r iques  non u t i l i sÖes pour  la  phase ca lage,  permet ta ien t  de  cons id6rer

la  va l id i tö  du  modö le  comme par fa i tement  acceptab le .

Les deux autres slmulatlons, SIM 85 et SIM 86, avaient pour objet de
fourn i r  des donnröes par t icu l iöres ut i l isables par  d ivers membres du groupe de
travai l  te l les que les ear tes d ' isovaleurs mensuel les du terme ru lssel lement  +
inf l l t ra t lon et  du terme var ia t ion de la  reserve,  ö tabl ies ä par t i r  des somma-
t tons ou moyennes pond6r6es sur  les mai l les de lox lO km et  formöes par  un
regroupement des mail les de 5x5
( f i e .8 ) .

-  2 , 5 x 2 , 5  e t  I  , 2 5 x  1 , 2 5  d u  m o d ö l e  c o u p l ö

Le regroupement  des  mai l les  de  ta l l les  var lab les  du  modö lc  hy 'd ro log ique

est assur6 automatiquement par un programme.

C'est  ä  par t l r  de ces bases et  des r6sul ta tS de la  s imulat ion des b i lans
hydro loglques sur  chaque mal l le  du modöle que nous pouvons evaluer  les
termes de ces b i lans sur  chaque mai l le  de l0x lO km par  sommat ion de chacun
d'eux au prorata des super f ic ies de chacune des fonct ions product ion sounr ise
ä un r6gime p luv iom6tr ique associe ä la  mai l le  et  pour  le  pas de temps
journal ier .

B l lan annuel

Les difförents termes du bi lan hydrologlque (plule - 6vapotranspirat. ion
- (ruissellement + inf i l trat lon) - varlat ion de la r6serve) pour chaeune des
mal l les lOxl0 km au cours de I 'ann6e 1986 sont  pr6sent6s sur  les f igures 9 et
1 0 .

I l  est  ä  noter  la  t rös grande f luctuat lon des pröc ip i ta t ions annuel les de
1986  su r  l e  ca r r6  HAPEX MOBILHY,  de  641  ä  1 .286  mm en  moyenne  su r  l oo
kmz.  L 'ecoulement  var le  de 108 i  71O mm, et  I 'evaporat ion de 428 ä 702 mm.
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La var ia t ion  de  la  r6serve  en  eau du  so l  pour  ce t t .e  annäe fa lsan t  su l te

ä  une ann6e säche mont re  un  s tockage impor tan t  de  l0  ä  90  mrn .

6. RESULTATS DE L'EERIII/CNRM

Dans le  cadre  des  app i ica t ions  du  modö le  coup l6  sur face-souter ra in  pour

la  conna lssance du  b i lan  en  eau sur  le  car rö  HAPEX-MOBILHY de loOx l0O kn t ,

nous  avons  vu  pröc6demment  les  es t imat ions  pr6vues  pour  chacun des  6 löments

de ce  b i lan  pour  l ' ann6e 1986 ä  I 'a ide  de  ce  modö le .

I l  6 ta i t  in t6 ressant  de  comparer  les  donn6es concernant  les  evapo-

t ransp i ra t ions  " r6e l les  d6du i tes  du  modö le  au- \  mesures  des  t i vapot ransp i ra t ions

r6e l les  e f fec t i vement  mesuröes  lo rs  de  la  p6r iode in tens ive  d 'observa t ion .

Donn6es d '6vapot ransp i ra t lon  mesur6e

L 'A t las  des  Donn6es SAMER pub l i6  par  I 'EERM/CNRM en Ju i l le t  1987

pr6sente  sous  fo rme de graph iques  de  var la t ion  les  va leurs  mesurees  de

I '6vapotranspirat ion Journal löre r6el le au eours de la P6riode lntensive

d 'Observa t ion  (POI )  du  7  Mai  1986 au  l5  Ju i l le t ,  19876 ä  chacune des  Sta t ions

Automat lques  de  Mesure  de  I 'Evapot ransp i ra t ion  R6e l le  (SAMER) .

Nous avons  ex t ra i t  d i rec tement  les  va leurs  de  l '6vapot ransp i ra t ion  rÖe l le

mesur6e chaque jour  du  graph ique pr6sentö ,  e t  ce  pour  chacune des  12

s ta t lons  SAMER.  Not re  souc l  6 ta i t  de  conna i t re  les  f luc tua t ions  spat ia les  e t  les

f luc tua t ions  tempore l les  a f in  de  ten ter  des  rapprochements  aver :  les  t 'a leurs  de

I 'ETR d6du l tes  du  modö le  coup lö  pour  I 'ann6e 1986 dont  nous  venons de

pr6senter  les  r6su l ta ts  de  la  s imu la t ion .

Nous  donnons ,  pou r  l es  l 0  p remiö res  s ta t i ons  SAMER du  7  Ma i  au  l 5

Jui l le t  1986,  les va leurs journal iöres ext ra i tes de ces graphi r lues so l ls  forme

de courbe de var ia t ions ( f ig . i l ) .  Sur  eet te  f igure,  nous avons por te 6galemerr t

les va leurs maximales,  m6dianes et  min imales des pröc ip i ta t ions iournal iöres
observ6es ä prox imi t6 des s tat ions automat iques SAMER.

A I 'examen v isuel  de cet te  f igure,  nous fa isons les rcmarques su ivantes:

les f luctuat lons spat la les sont  d 'autant  p lus fa ib les que les va leurs

sont falbles,
-  I 'ex is tence f r6quente de va leurs in f6r ieures ä I  mm/J de I 'ETR,
-  I 'ex is tence de va leurs supör ieures ä 6 mm/ jour ,

I 'ex iÄtence d 'une p lus grande d ispers ion spat ia le  au cours des mois de

Mai  et  Ju i l le t  qu 'au cours du mois de Ju ln.
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Nous avons  no t6  par  a i l leurs  que les  f luc tua t ions  journa l iö res  des

va leurs  m6d lanes  d 'ETR SAMER sont  t rös  lmpor t ,an tes  e t  var ien t  dans  le  rap-
por t  I  ä  5 .  La  moyenne bru te  des  va leurs  SAMER,  observ6es  sur  la  pör iode

in tens ive  d 'obser t ra t lon .  f luc tue  par  o rdre  c ro issant  pour  les  l2  s ta t lons  de

2 , 3 7  ä  3 , 6 0  m m / j o u r  ( 2 , 3 7 - 2 , 3 8 - 2 , . 1 1 - 2 , 4 3 - 2 , 5 7 - 2 , 6 1 - 2 , 7 4 - 2 , 9 0 - 3 , 0 6 - 3 , 2 3 -

3 , 3 9 - 3 , 6 0 ) .

Cette moyenne gön6ra le de 2,82 mm/ jour  rest ,e  net tement  p lus fa ib le  que

la moyenne des mödianes Journal iöres ötabl ies ä par t i r  des donnÖes mesurÖes
de 2.96 mm/ jour .

La compara lson ( f ie . l2 )  en t re  I 'ETP moyenne döcada i re  Penman (aux  6

s ta t ions  synopt lques) ,  I 'ETR (SAMER m6diane decada i re )  e t  I 'ETR (SAMER nr in i -

ma le  Journa l iö re)  permet  de  remarquer  qu 'ä  eompter  du  35 iöme jour  aprös  le

d Ö b u t  d e  l a  P O I  ( s o i t  l e  l i  J u i n ) ,  l e s  v a l e u r s  E T R  s ' e c a r t e n t  d e s  v a l e u r s  E T P

et  que les  va leurs  min ima les  res ten t  ne t tement  p lus  fa ib les  aprds  le  50 iÖme
j o u r .

COUPARAISON DES RESULTATS 'MODELB" ET DES MESURES SAMER

Cet te  compara ison a  6 t6  röa l i s6e  t rös  sommai rement  en t re  les  donnöes

d ' E T R  d 6 d u i t e s  d u  m o d ö l e  p o u r  c h a c u n  d e s  m o i s  d e  M a i - J u i n  e t  J u i l l e t  1 9 8 6 ,

l e s  d o n n 6 e s  m ö d i a n e s  S A M E R  p o u r  l a  p ö r l o d e  d u  7  M a i  a u  1 5  J u i l l e t  1 9 8 6  e t

les  donn6es ETP d6cada i res  PENIUAN moyennes des  6  s ta t ions .

Sur  la  f igure  13 ,  les  va leurs  por tees  pour ,chaque mois  se  rappor ten t  ä

la  pÖr iode e f fec tu r ie  de  7O jours  de  la  P .O. l .  l l  es t  in t6 ressant  de  cons ta te r

que le  quot len t  SAMER/modö le  p rÖsente  une eer ta ine  cons tan te  sur  les  t ro is

mois .  Toute fo is ,  nous  ne  pouvons pas  exp l iquer  la  r ra leur  p lu tö t  fa ib le  de  ce

quot ien t  qu i  devra i t  res te r  vo is in  de  I 'un i t6 .  Le  quot ien t  SAMER, ;ETP respec te

I 'e f fe t  du  dessöchement  du  so l  au  cours  du  mols  de  Ju i l le t .

I l  es t  cer ta in  qu 'un  fonc t ionnement  en  cont inu  sur  18  mois  de  t ro is

s ta t ions  SAMER aura i t  permis  d '6va luer  les  f luc tua t ions  mensue l les  de  ces

6vapot ransp l ra t ions  r6e l les  mesuröes  e t  de  les  comparer  e f f ieacement  ä  ce l les

dödu i tes  du  modö le  hydro log ique ä  par t i r  des  donnöes c l imato log iques  d 'en t rÖe.

6. CONCLUSION

Le modö le  hydro log ique (modö le  coup lö)  u t i l i s6  s 'a t tache ä  s imu ler  les

6cou lements  des  cours  d 'eau e t  les  6 ta ts  de  la  nappe.  L '6vapot ransp i ra t ion

16e l le  es t  cons t i tu6e essent le l lement  par  un  te rme 16s idu .
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Ces s imu la t lons  on t  ä tÖ a t te in tes  pour  tou te  la  p6r iode 197{ -198ö ä

par t l r  des  donnöes hydrop luv lomöt r iques  sur  la  ma i l le  car r6e  de  l00x l0o  km

HAPEX MOBILHY e t  sur  les  d l f f6 ren ts  bass lns  qu l  la  d ra inent .

Les d l f f6rents  postes du b i lan hydro logique sur  les sous-rnai l les de

lOxI0 km sont  6valu6s.  I ls  montrent  I 'ext r€me var iab i l i t6  dans I 'espace des

pr fc ip i ta t ions tout  comme I ' impor tance des Öcoulements d i rects  et  d i f f6r6s.

Sl ,  ä  la  l '6chel le  Journal iöre.  les 6coulements sont  b len reprösentös et  s l

les va leurs d 'övapotranspi rat ion r6el le  sont  seulement  approchöes en pör iode

longue et  t rös söche,  nous devons reconnai t re  qu 'ä long terme i l  n 'ex is te

aucune d6rlve. nl tendance.

Les essais de comparaison entre rösultats obtenus ä part ir des mesures

SAMER (Stat ion Automat ique de Mesure de I 'Evapotranspi rat ion Röel le)  e t  les

r6sul ta ts  issus du modÖle pour  la  P6r lode ln tens ive d 'Observat lon de i l la l  ä

Juil let 1986 montrent, en moyenne. une relative concordance entre eux.

La var lab l l i t6  spat la le  et  tempore l le  des 6vapotranspl rat ions rÖel les

mesuröes par  SAMER, b ien que se s l tuant  t rös au-dessus du terme pröc ip i ta-

t lon. montre 6galement les dlff lcult6s pr6vlsibles pour la mod6lisation rögionale

de ce terme trÖs lmportant.
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FIGURE 2 - I'IAILLAGE DE LA COUCHE DE SURFACE ET SENS DU DRAINAGE
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APPENDIX H

PROPOSAL FOR A PITOT PROJECT

TO PRODUCE GRIDDED ESTIMATES OF SURFACE RIJNOFF

OVER LIMITED REGIONS OF THE WORLD

1 . PT'RPOSE

The project consists of the col lect ion, processing, analysis and
storage of river flow data from dense networks of stations in well-defined
linited areas of the world. Gridded estimates of surface runoff over these
areas would be made avai lable to cl imate model lers for use in val idaLing
atmospheric General Circulation Model (GCM) outputs.

BACKGROTJND

Atmospheric GCMs are crucial to the studies of climate variability and
the possible impacts of climate change. The ability of these models to
produce real ist ic forecasts of the future cl imate depends on the avai labi l i ty
of powerful supercomputers and the proper formulation of important physical
processes. One of the major efforts underway within the World Climate
Research Programme (WCRP) is to improve the parameterization of land surface
processes in GCMs. Cri t ical  to this effort  is the avai labi l i ty of  rel iable
data, which could be used to describe the fluxes of sensible and latent heat
between the land surface and the atmosphere. Hydrological-Atmospheric Pilot
Experiments (HAPH() are being conducted over various land regions of the globe
to improve techniques for parameterizing land surface processes in models. In
addit ion, however,  there is a need for rel iable g1oba1 est imates of surface
nrnoff on a regular grid to validate the outputs of GCMs.

The global runoff data set, presently being constructed by the l{MO
Global Runoff Data Centre (GRDC) in Koblenz, Federal Republic of Germany,
should hopefully be sufficient, when used with ancillary information in new
analysis models, to produce the globaI gridded estimates needed for the GCMs.
However, any attempt to use the river flow data from the sparse network of
stations presently available to the GRDC, with presently-available grid-
estimation techniques, would almost certainly result in values with gross
errors. Clearly,  what is needed is a major effort  to develop ne$r analyt ical
techniques, which take into account a substantial amount of ancillary informa-
tion, in addition to the limited number of river flow observations, to provide
gridded estimates of surface runoff.

3 . CONSTRUCTION OF PILOT DATA SETS FOR LIMITED REGIONS OF TTM WORLD

As a f i rst  step in developing a capabi l i ty to provide rel iable
estimates of surface runoff on a regular global grid to validate GCM outputs,
i t  is proposed that a project be ini t iated to construct pi lot  data sets over
certain l imited regions of the world,  which contain dense networks of r iver
f low stat ions.
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3 .1  A rea l  Ex ten t

The areas under consideration should be fairly homogeneous from both
climatic and hydrologic viewpoints and should be of a size roughly equivalent
to about 100-15" lat i tude x 10"-150 longitude. These areas need not be square
or even rectangular but should be in the form of a non-re-entrant polygon,
with simi lar dimensions in the north-south and east-west direct ions. Data
sets should be produced for a minimum of three areas, represent ing di f ferent
cl imat ic zones (humid-temperate, semi-ar id,  humid-tropical)  .

Each area should be divided into 1" Iat i tude x 1" longitude gr id cel ls
and,  where  poss ib le ,  0 .5"  la t i tude  x  0 .5"  long i tude ce l1s .  Wi th in  each ce l I ,
or g:roups of cel ls,  one or more gauged catchments would be ident i f ied, with
areal coverages of between 100 - 10,000 kmz, such that they provide
representat ive samples of the runoff .

3.2 Reguirements for River Flow Data

Daity r iver fLow measurements for each catchment,  for the calendar
years from 1978 to 1980, should be obtained. I f  dai ly values are not
avai lable, then monthly values should be obtained.

f f  possible, data should be provided by part ic ipat ing countr ies in
computer compatible form to faci l i tate their  processing at a central
locat ion. Tabulated values, in docurnentat ion form, would also be acceptable.
Where  the  f lows are  regu la ted  (e .9 . ,  by  dams)  o r  dep le ted  (e .9 . ,  by  ex t rac-
t ions for water supply purposes),  these facts should be noted with the data,
in order that the values may be adjusted to represent as far as possible, the
natural  f low values.

The exact latitude and longitude of each gauging station must be
provided, along with maps of the catchment areas on a scale of 1:1,000 to
1 :  1 , 0 0 0 , 0 0 0 .

3 .3  Data  Ana lys is

The GRDC wi l l  der ive monthly and possibly dai ly runoff  est imates for
each 0 .5o  la t i tude  x  0 .5"  long i tude or  1o  la t i tude  x  10  long i tude gr id  ce1 l ,
using a weighted-averaging technique appropriate for each catchment and grid
c e l L .

4. DISTRIBUTION OF DATA SETS

Each inst i tut ion, supplying data to the
a copy of the ful1 set of the original data for
catchments are located. In addit ion, the gr id
also be provided.

project ,  wi I l  be provided wi th
the ent i re area in  which thei r

est imates for  the area wi l l

The der ived gr id est imates for  the ent i re area wi l l  be made avai lable
to c l imate modeLlers,  upon request ,  in  a computer-compat ib le form.

5. SUC€ESTED AREA FOR PILOT PROJECTS

The in i t ia l  area to be selected is  located over  Europe,  bounded by
la t i t udes  45 " -55 "N  and  l ong i t udes  5 " -25 "8 ,  i n  v i ew  o f  t he  dense  cove rage  o f
r iver  f low stat ions and the h igh qual i ty  of  the data f rom these stat ions.  I t
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is suggested that the Federal Republic of Germany be approached in taking the
lead for this pilot project by having the GRDC collect and process the data
set for a smal ler area bounded approximately by lat i tudes 48"-55"N and longi-
tudes 7"-15oE, and then later expanding the coverage to include data from
neighbouring countries, which would be approached by WMO to co-operate in this
pro jec t .

Other areas for which pilot projects should also be implemented are
parts of North America (Canada, USA), Australia and well-instrumented
developing countries located in the tropics.

5. SC}IEDIJLE

5.1 European Area Gridded Data Sets

JAI{ 89
MAR 89
JTJN 89
JAI{ 90
APR 90
JIJN 90

Select areas for study
Col lect data for inner area
Reguest data for surrounding areas
Construct data set for European area
Derive gr id ce11 values
Distr ibute results

Request data for other areas
Construct data set for other areas
Derive gr id ceI l  values
Distr ibute results

6.2 Other Areas Gridded Data Sets

MAR 90
DEC 90
JTJL 91
DEC 91

7. FOLLOW-ON PROJECT TO INTERCOMPARE MODELLING TECHNTQUES FOR ESTTMATING
GRID CELL VALTIES OF RTJNOFF

The data and information collected for this project would be useful in
a future project to develop more sophist icated anafysis techniques, which
could be used for the estimation of gridded runoff values over the globe, even
in areas of poor data coverage. What is needed is a modelling technique,
which incorporates additional information, such as precipitation amounLs,
topography, soil tlpes and vegetation cover, with available river flow
measurements to estimate the runoff over data-sparse or data-void regions.

The M4O, in co-ordination with the GRDC, will begin initiating
contacts with hydrotogical and meLeorological grouPs, which might be
interested in part ic ipat ing in a project to intercompare techniques for
estimating grid cell values of runoff. An augmented pilot data set,
consisting of the data described in Section 3 of this docunent and additional
information to be collected at a later date, would be constructed and made
avai lable to interested part ic ipants. The lat ter would apply their
techniques/models to the same data set, using only a limited number of actual
river flow measurements to simulate data-sparse conditions, and the results
would be presented at a workshop to evaluate the strengths and weaknesses of
the various techniques.
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ACTION PI,AN FOR
The Global l,later Runoff DaLa Proiect

(as proposed by the WMO Workshop on the Global Runoff
Data Set and Grid Est imation, November 1988)

Actions Responsibilitv Tarqet date Remarks

1. AIINOI.JNCruN{T OF GRDC

1.1 Prepare descript ion GRDC DEC 1988
and functions of
GRDC and distribute
to WMO, Unesco, FAO

L.2 Prepare art ic le for WMO JAI{ 1989
I{}tO BuIletin

1.3 Circulate let ters WMO JAII  1989
through WMO channels

1.4 Prepare art ic le for Unesco JAI{ 1989
IHP Bul let in

1.5 Prepare art ic le for FAO JAI{ 1989
FAO tand and Water
Bul let in

1.6 Prepare art ic le for GRDC JAI{ 1989
INIS Journal of
Hydrological Sciences

L.7 Approach Institute GRDC/WMO 1989
of Hydrology (IJK),
ORSTOM (France),  etc.
to invite collaboration

1.8 Prepare leaf let  on GRDC 1989 With a logo
GRDC

2. GT.OBAL DATA SET

2.L Prepare maps and l ists GRDC DEC 1988
showing present status
of data avai labiJ. i ty

2.2 Prepare summary of GRDC/Munich DEC 1988
current status on
map holdings and
digi t izat ion
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Actions

2.3 Request past donors
to complete, augment
data sets and map
holdings

2.4 Request past donors
to confirm "natural
f lows",  data qual i ty
and avai labi l i ty of
digi t ized maps

2.5 Request past donors
to provide data for
1 9 8 3  e t  s e q .

2.6 Request non-donors
to provide data and
maPs

2.7 Provide data for
large r ivers, for
1980-8  5

2.8 Col lect data from
yearbooks

2.9 Digi t ize catchment
boundaries for snall
basins

2.10 Digi t ize catchment
boundaries for large
basins

2.11 Submit FGGE Level fl-c
data set to WDCs

SET

for

part
pi lot

for

WMO

WMO

l,lMO

Unesco

GRDC/WMO

Munich

GRDC

l,lMO/GRDC

GRDC"

JArr 1989

JUN 1989

MAR 1989

JIJN 1989

1 9 8  9

DEe 1989

JAI\I 1990

JAtr 1989

MAR 1989

Responsibi  l i tv

WMO

Tarqet date

JAI{ 1989

Remarks

Send back
l ist ings and
plots of their
own data, for
checking

Seek from WMO,
USGS. ORSTOM,
etc .

Remains to be
decided

Review in
Dec.  f989

3 . LTMITED AFT:A DATA

3.1  Se lec t  a reas
study

1.2  Prepare  f i rs t
data set for
area

3.3  Request  da ta
p i lo t  a rea

of

tiMo JIJN 1989



3.5 Derive gr id cel l  GRDC- APR 1990
values for pi lot  area

3.6 Distr ibute results for GRDC-/WMO JIJN 1990
pi lot  area:

- to cl imate model lers

- to data suppl iers

3.7 Request data for WMO MAR 1990
other areas

3.8 Compite data from GRDC" DEC 1990
other areas

3.9  Der ive  gr id  ce l I
values for other
areas

GRDC-

Actions

3.4 Compile data for
pi lot  area

4.3 Invi te "gr id model lers" 9{MO
to part ic ipate in
intercomparison of
gr id est imation
techniques

4.4 Plan gr id est imation ViMO
intercomparison and
obtain additional data
( s e e  4 . 2 )

Responsibilitv Target date Remarks

GRDC* JAM990
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Gr id  ce I l
values only

All data and
resulLs

3.10 Distr ibute results GRDC"/WMO DEC 1991

4. GLOBAL RIJNOFF GRTD CELL DATA

4.1 Describe current and GRDC DEC 1988
planned GRDC-GIS

4.2 Seek information on JIJN 1989 Catchment maps
GIS data  ava i lab le  (sca les) ,
from: data ( formats),

software (for-
- UNEP/GRID WMO mats),
- FAO FAO conditions
- USGS WMO/GRDC (costs)
- Environment Canada WMO/GRDC

JIJL 1991

APR I99O

JUL 1990



APPENDIX I, p. 4

Actions Responsibi l i ty Target date Remarks

4.5 Intercomparison of 9IMO/GRDC" JIIN 1991
grid est imation tech-
niques using pi lot
a r e a  d a t a  ( s e e  3 . 5 )
and additional data
( s e e  4 . 4 )

4.6 Select gr id est imation WMO/GRDC. SEP 1991
technique(s) to apply
to global data set and
define additional data
required

4.7 Collect additional GRDC/IiMO MAR 1992
data

4.8 Implement gr id cel I  GRDC* DEC 1992
est imation on global
bas is

5. GRDC PLANNING AI{D MANAGEMEMT

5.1 Regular review of GRDC Continuous At national
GRDC activities and
plans

5.2 Consider future role GRDC/Vll,lO JIJN 1989
o f  C e n t r e ,  E . 9 .
regarding:

- intercomparison of
gr id est imation

- further analysis of
global runoff data
set

- storage and analysis
of long t ime series

- quasi-real-time global
monitoring of hydro-
logical elements

5.3 Convene workshop to WMO/GRDC 1991-1992
review and advise on
GRDC activities

leveI

e.g. monthly
f . low stat ist ics

WCP-Water
Pro jec t  A .2

Possibly with
IIK fnstitute
of, Hydrology

* NOTE: I t  should be understood that these act iv i t ies can be under-
taken only if the GRDC is able to obtain the necessary
resources from its government.
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Internat ional l r lOCE Scient i f ic Conference, Unesco, par is,
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